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7R DSSHDU LQ ,VDEHOOH %ULO >HG@ &ODXVHKLHUDUFK\ DQG FODXVHOLQNLQJ
WKH V\QWD[ DQG SUDJPDWLFV LQWHUIDFH $PVWHUGDP %HQMDPLQV




&URVVOLQJXLVWLF YDULDWLRQ LQ DGMRLQHG FODXVH OLQNDJH LV KLJKHU WKDQ ZKDW LV DOORZHG E\ XQLYHUVDO
FRQFHSWV OLNH ةFRRUGLQDWLRQت RU ةVXERUGLQDWLRQت ZKLFK HQWDLO VHWV RI VWULFWO\ FRUUHODWHG SURSHUWLHV
7KLV FKDSWHUV XVHV VWDWLVWLFDO WHFKQLTXHV WR XQFRYHU SUREDELOLVWLF FRUUHODWLRQV DQG FOXVWHUV LQ D
SLORW GDWDEDVH )RU WKLV D VHW RI YDULDEOHV LV GHYHORSHG WKDW UDQJHV LQ FRYHUDJH িRP WKH VFRSH RI
LOORFXWLRQDU\ IRUFH RSHUDWRUV WR H[WUDFWLRQ FRQVWUDLQWV DQG WKDW DOORZV ERWK GHWDLOHG TXDOLWDWLYH
DQDO\VLV RI ODQJXDJHVSHFLெF FODXVH OLQNDJH VWUXFWXUHV DQG ODUJHVFDOH TXDQWLெHG PHDVXUHPHQW
RI WKH VLPLODULWLHV RI VXFK VWUXFWXUHV ZLWKLQ DQG EHWZHHQ ODQJXDJHV 7KH VWXG\ WHQWDWLYHO\
VXJJHVWVWKDWWKHUHLVDSURWRW\SHRIVXERUGLQDWLRQZKLFKLVFORVHUWRةDQGتOLNHWKDQWRةFKDLQLQJت
FRQVWUXFWLRQV DQG WKDW WKHUH LV D FRQWLQXXP EHWZHHQ PRUH YV OHVV WLJKWO\ FRQVWUDLQHG W\SHV
RI FRQYHUE DQG FKDLQLQJ FRQVWUXFWLRQV EXW QR JHQHUDO SURWRW\SH RI ةFRVXERUGLQDWLRQت
 ,QWURGXFWLRQ
7KH DQDO\VLV RI LQGLYLGXDO ODQJXDJHVSHFLெF VWUXFWXUHV QRUPDOO\ VWDUWV ZLWK D VHW RI WHUPV WKDW
DUH GHெQHG RU DVVXPHG WR EH GHெQHG LQ D FURVVOLQJXLVWLF ZD\ DQG DUH WDNHQ DV VXFK িRP ெHOG
PDQXDOV KDQGERRNV IRUPDO WKHRULHV RU UHIHUHQFH JUDPPDUV RI RWKHU ODQJXDJHV $ FDVH LQ SRLQW LV
WKH WHUP ةFODXVDO FRVXERUGLQDWLRQت ZKLFK ZDV LQWURGXFHG E\ 2OVRQ  DQG )ROH\ 	 9DQ 9DOLQ
 DQG LV GHெQHG E\ FRƎXQFW LOORFXWLRQDU\ VFRSH D FODXVH WKDW LV FRVXERUGLQDWH WR D PDLQ FODXVH

9HUVLRQV RI WKLV SDSHU ZHUH SUHVHQWHG DW WKH ,QWHUQDWLRQDO 6\PSRVLXP RQ WKH *UDPPDU DQG 3UDJPDWLFV RI &RPSOH[
6HQWHQFHV /(1&$  LQ 7RPVN -XQH   DW WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 5ROH DQG 5HIHUHQFH *UDPPDU LQ
/HLS]LJ 6HSWHPEHU   DW WKH 6\QWD[ RI WKH :RUOGتV /DQJXDJHV FRQIHUHQFH LQ %HUOLQ 6HSWHPEHU   DQG DV
D JXHVW OHFWXUH DW WKH 8QLYHUVLW\ RI =¾ULFK 'HFHPEHU  ܁ , WKDQN DOO DXGLHQFHV IRU VWLPXODWLQJ TXHVWLRQV 0DQ\
WKDQNV DOVR JR WR 5REHUW 9DQ 9DOLQ IRU GLVFXVVLQJ LVVXHV RI IRFXV DQG H[WUDFWLRQ ZLWK PH DQG WR =DULQD 0RORFKLHYD DQG
$OHQD :LW]ODFN0DNDUHYLFK IRU GLVFXVVLQJ WKH &KHFKHQ DQG 5XVVLDQ GDWD ZLWK PH , DP DOVR LQGHEWHG WR 9RONHU *DVW DQG
WKH WZR QRQDQRQ\PRXV UHYLHZHUV -H௅ *RRG DQG 0LFKDHO &\VRXZ IRU YHU\ KHOSIXO FRPPHQWV RQ DQ HDUOLHU GUDী 7KLV
FKDSWHU LV GHGLFDWHG WR WKH PHPRU\ RI 0LFNH\ 1RRQDQ 
5HYLVHG YHUVLRQ ઝ -DQXDU\  
REOLJDWRULO\ IDOOV XQGHU WKH VFRSH RI LOORFXWLRQDU\ RSHUDWRUV LQ WKH PDLQ FODXVH $Q H[DPSOH RI WKLV
LV WKH ةPHGLDO IRUPت RU ةFRQYHUEت FRQVWUXFWLRQ DV LW LV IRXQG IRU H[DPSOH LQ WKH 3DSXDQ ODQJXDJH
$PHOH RU WKH $িLFDQ ODQJXDJH 6ZDKLOL{














ة'LG WKH SLJ UXQ RXW DQG GLG WKH PHQ NLOO LW"ت














ة'LG \RX VWD\ KRPH DQG SUHSDUH RXU IRRG"ت
,Q ERWK FDVHV WKH LQWHUURJDWLYH PDUNHU LQ WKH PDLQ FODXVH ெQDO IR LQ $PHOH LQLWLDO MH LQ 6ZDKLOL
KDV VFRSH RYHU ERWK FODXVHV VR WKDW WKH RQO\ SRVVLEOH UHDGLQJ LV RQH LQ ZKLFK WKH VSHDNHU LQTXLUHV
DERXW WKH WUXWK YDOXH RI ERWK SURSRVLWLRQV
7KH GHெQLWLRQ VHWV FRVXERUGLQDWLRQ DSDUW িRP FRRUGLQDWLRQ ZKHUH WKH VFRSH RI VXFK PDUNHUV
GRHV QRW QHFHVVDULO\ H[WHQG RYHU ERWK FODXVHV DQG DOVR িRP VXERUGLQDWLRQ ZKHUH LW LV LPSRVVLEOH WR
KDYH FRƎXQFW VFRSH FI )ROH\ 	 9DQ 9DOLQ  7LNNDQHQ  9DQ 9DOLQ  DPRQJ RWKHUV
:KHQ RQH WDNHV WKH WHUP ةFRVXERUGLQDWLRQت IXUWKHU WR WKH ெHOG KRZHYHU RQH TXLFNO\ UXQV LQWR
VWUXFWXUHVWKDWORRNYHU\VLPLODUWRWKHGDWDLQ$PHOHRU6ZDKLOL EXWGRQRWHQWLUHO\ெWWKHGHெQLWLRQ
6XFK VWUXFWXUHV DUH IRXQG IRU H[DPSOH LQ 6RXWK $VLDQ ODQJXDJHV VXFK DV %HOKDUHt












ة'LG VKH JR >WKHUH@ DQG EX\ \RX VKRHV"ت











ة'LG KH VLW KHUH DQG FKDW ZLWK \RX"ت
{ :KHUH FRQVWUXFWLRQV ெJXUH LQ WKH SLORW VWXG\ GHVFULEHG LQ 6HFWLRQ  , LQFOXGH LQ EUDFNHWV WKH UHODWLYHO\ DUELWUDU\
LGHQWLெFDWLRQ ODEHO XVHG LQ WKH $SSHQGL[ *ORVVLQJ IROORZV WKH /HLS]LJ *ORVVLQJ 5XOHV ?iiT,ffrrrX2pXKT;X
/2fHBM;mf`2bQm`+2bf;HQbbBM;@`mH2bXT?T ZLWK WKH DGGLWLRQ RI $'' ةDGGLWLYH IRFXVت $66 ةDVVHUWLYHت % ة%
JHQGHU LQ &KHFKHQت &(66 ةFHVVDWLYHت &21& ةFRQFHVVLYHت &21' ةFRQGLWLRQDOت '(&/ ةGHFODUDWLYHت '(3 ةGHSHQGHQWت
'6ةGL௅HUHQWVXEMHFWت )367ةIDUSDVWت +257ةKRUWDWLYHت ,//ةLOORFXWLRQDU\ت -ة-JHQGHULQ&KHFKHQت 35('ةSUHGLFDWH
PDUNHUت 3853 ةSXUSRVLYHت 37&/ ةSDUWLFOHت 6(4 ةVHTXHQWLDOت 66 ةVDPH VXEMHFWت 7(03 ةWHPSRUDU\ DVSHFWت 7367
ةWRGD\تVSDVWت 9ة9JHQGHULQ&KHFKHQت :367ةZLWQHVVHGSDVWت DQG<367ة\HVWHUGD\تVSDVWت 5RPDQQXPHUDOVLQGLFDWH
QRXQ FODVVHV
t 'DWD ZLWKRXW D VRXUFH VSHFLெFDWLRQ DUH িRP P\ RZQ ெHOGQRWHV
5HYLVHG YHUVLRQ ઝ -DQXDU\  
RU ة'LG KH FKDW ZLWK \RX ZKHQ VLWWLQJ KHUH"ت SUHVXSSRVLQJ HLWKHU ةKH FKDWWHGت RU ةKH
VDWت
,Q WKHVH VWUXFWXUHV WKH VFRSH RI WKH LQWHUURJDWLYH PDUNHU LQ WKH PDLQ FODXVH L LV LQGHWHUPLQDWH
GHSHQGLQJ RQ WKH FRQWH[W RI XWWHUDQFH WKH VHQWHQFHV PD\ EH LQWHUSUHWHG DV KDYLQJ FRƎXQFW RU
GLVMXQFW VFRSH 7KLV LQGHWHUPLQDF\ FDQ EH IRXQG ERWK ZLWK ெQLWH D DQG QRQெQLWH E IRUPV FI












ة'LG KH FRPH KHUH DQG HDW"ت
RU ة'LG KH HDW DীHU FRPLQJ KHUH"ت SUHVXSSRVLQJ HLWKHU ةKH FDPH KHUHت RU ةKH DWHت
'DWDVLPLODUWRWKHVHFDQEHIRXQGLQPDQ\RWKHUODQJXDJHVRI6RXWK$VLDHJLQ.DWKPDQGX1HZDU
+DOH 	 6KUHVWKD  'RODNKD 1HZDU *HQHWWL  %XU¼VKDVNL 7LNNDQHQ  6DQVNULW
7LNNDQHQ  RU 3DOL %LFNHO  DQG DOVR LQ 3DSXDQ ODQJXDJHV إ HYHQ LQ ODQJXDJHV RI WKH
VDPH IDPLO\ DV $PHOH HJ LQ 7DX\D








ة'LG \RX EUHDN LW DQG JR DZD\"ت
RU ة'LG \RX JR DZD\ DীHU EUHDNLQJ LW"ت SUHVXSSRVLQJ HLWKHU ة\RX ZHQW DZD\ت RU ة\RX EURNH
LWت
2WKHUH[DPSOHVিRP3DSXDQODQJXDJHVLQFOXGH+XD+DLPDQ 8VDQ5HHVLQNI
.¤WH 6XWHU ௅ DQG .RUDIH )DUU 
7KH TXHVWLRQ WKDW DULVHV LV KRZ WR DQDO\]H VWUXFWXUHV OLNH   7KHUH LV D QXPEHU RI SRV
VLELOLWLHV )LUVW RQH FRXOG SRVLW D VHFRQG DQDO\WLFDO WHUP حFRVXERUGLQDWLRQ خ GHெQHG ZLWKRXW
D VFRSH FRQVWUDLQW %XW WKLV ZRXOG PLVV WKH IDFW WKDW WKH VWUXFWXUHV DUH VR VLPLODU WR HDFK RWKHU
WKDW RQH UHDGLQJ RI حFRVXERUGLQDWLRQ خ QDPHO\ WKH RQH ZLWK FRƎXQFW VFRSH LV WKH VROH UHDGLQJ
RI حFRVXERUGLQDWLRQ خ 6HFRQG RQH FRXOG WU\ DQG DUJXH WKDW LQ %HOKDUH DQG VLPLODU ODQJXDJHV
RQH UHDGLQJ ةUHDOO\ت UHேHFWV FRVXERUGLQDWLRQ ZKLOH WKH RWKHU UHேHFWV VRPHWKLQJ HOVH إ SUHVXPDEO\
VXERUGLQDWLRQ ZLWK GLVMXQFW VFRSH %LFNHO  :KLOH WKLV PD\ EH D YLDEOH VROXWLRQ LQ VRPH FDVHV
DW OHDVW LQ %HOKDUH DQG 1HSDOL , DP QRW DZDUH RI DQ\ LQGHSHQGHQW HYLGHQFH IRU DVVXPLQJ VWUXFWXUDO
DPELJXLW\ WKH SRVVLEOH UHDGLQJV FDQ RQO\ EH UHVROYHG SUDJPDWLFDOO\ DQG LW VHHPV XƎXVWLெHG WR SRVLW
GL௅HUHQWLDWHG V\QWDFWLF UHSUHVHQWDWLRQV IRU WKLV DW OHDVW XQGHU D SDUVLPRQLRXV DSSURDFK WR V\QWD[
WKDW GRHV QRW WU\ WR UHVROYH LQ WKH V\QWD[ ZKDW FDQ MXVW DV ZHOO EH OHী WR SUDJPDWLFV 7KLUG RQH
FRXOG UHYLVH WKH GHெQLWLRQ RI FRVXERUGLQDWLRQ IRU H[DPSOH E\ GHெQLQJ WKH WHUP ZLWKRXW DQ\ V\QWDF
WLF FRQVWUDLQW RQ LOORFXWLRQDU\ VFRSH DV LV GRQH E\ %LFNHO  RU &URী  +RZHYHU WKLV PD\
QRW VROYH WKH SUREOHP RQFH DQG IRUHYHU EHFDXVH XOWLPDWHO\ ZH FDQ EDVH WKH GHெQLWLRQ RQ DQ\ SURS
HUW\ ZH ZDQW HJ QRQDVVHUWLRQ ெQLWHQHVV WHQVH VFRSH H[WUDFWLRQ SRVVLELOLWLHV HWF DQG DOZD\V
UXQ LQWR WKH VDPH SUREOHP ZKHQ DQDO\]LQJ RWKHU ODQJXDJHV LI ZH GHெQH ةFRVXERUGLQDWLRQت ZLWKRXW
5HYLVHG YHUVLRQ ઝ -DQXDU\  
D VFRSH FRQVWUDLQW WKH WHUP ZRXOG QR ORQJHU FDSWXUH WKH GLVWLQFWLYH SURSHUWLHV RI ةFRVXERUGLQDWLRQت
LQ $PHOH DQG 6ZDKLOL DQG ZH ZRXOG PLVV DJDLQ WKH RYHUDOO VLPLODULW\ EHWZHHQ WKHVH VWUXFWXUHV DQG
WKRVH LQ WKH RWKHU ODQJXDJHV 6LPLODUO\ LI ZH GHெQH D QRWLRQ OLNH ةVXERUGLQDWLRQت YLD ةQRQDVVHUWLRQت
&ULVWRIDUR  ZH ZLOO UXQ LQ VWUXFWXUHV WKDW ORRN YHU\ VLPLODU WR ةVXERUGLQDWHت VWUXFWXUHV \HW DUH
DVVHUWHG HJ ZLWK LPSHUDWLYHV LQ DQ DOWKRXJKFODXVH VXFK 7KLV LV WUXH DOWKRXJK GRQ֯W H[SHFW H[DPSOHV
FI *UHHQ  /DNR௅  7DNDKDVKL  DPRQJ PDQ\ RWKHUV $Q\ SURSHUW\ WKDW LV SLFNHG DV
GHெQLWLRQDO ZLOO IDYRU RQH W\SH DQG PDNH LW WKH PRGHO IRU RWKHUV 7KH IXQGDPHQWDO SUREOHP LV WKDW
WKHUH LV QR QRQDUELWUDU\ FKRLFH FI &URী  VKRXOG $PHOH SURYLGH WKH PRGHO RU 7DX\D RU (Q
JOLVK" $Q\ DQVZHU VHHPV ZURQJ )LQDOO\ RQH FRXOG IROORZ /D]DUGتV  RU +DVSHOPDWKتV 
VXJJHVWLRQV DQG NHHS LVVXHV RI ODQJXDJHVSHFLெF DQDO\VLV িHH RI FRPSDUDWLYH QRWLRQV ZH FRXOG VHW
XS HQWLWLHV OLNH ة$PHOH ȝHFRQVWUXFWLRQت RU ة1HSDOL HUDFRQVWUXFWLRQت GHVFULEH WKHLU SURSHUWLHV DQG
OHDYH LW WR W\SRORJLFDO UHVHDUFK WR FRPSDUH WKHVH HQWLWLHV RQ WKH EDVLV RI VRPH FRPSDUDWLYH FRQFHSW
OLNH ةFRVXERUGLQDWLRQFRPSت GHெQHG ZLWKRXW UHJDUG WR WKH ODQJXDJHVSHFLெF GHWDLOV DQG LQGHSHQGHQWO\
RI WKHLU DQDO\VLV :KLOH WKLV PD\ VHHP WR VROYH WKH SUREOHP RI KRZ WR FODVVLূ ODQJXDJHVSHFLெF
FRQVWUXFWLRQV LW GRHV QRW DGGUHVV DQG LV QRW LQWHQGHG WR DGGUHVV WKH FRPSDUDWLYH SUREOHP RI MXVW
ZKDW WKH ةULJKWت GHெQLWLRQ RI WKH FRPSDUDWLYH FRQFHSW PLJKW EH <HW FRPSDUDWLYH QRWLRQV DUH RীHQ
RI FULWLFDO KHOS LQ ODQJXDJHVSHFLெF DQDO\VHV DQG ZKHQ SRVLWLQJ FRQVWUXFWLRQDO HQWLWLHV DQG LW LV RQH
RI WKH JUHDW VWHSV RI SURJUHVV WKDW W\SRORJLFDO DQG WKHRUHWLFDO NQRZOHGJH LQFUHDVLQJO\ LQIRUPV VXFK
GHVFULSWLYH ZRUN IRU H[DPSOH ZLWKRXW WKH SXEOLFDWLRQ RI )ROH\ 	 9DQ 9DOLQ  WKH LVVXH RI
VFRSH SURSHUWLHV ZRXOG KDYH KDG OLWWOH FKDQFH RI EHLQJ DGGUHVVHG LQ GHVFULSWLYH JUDPPDUV ,Q IDFW
DV PDQ\ HDUO\ GHVFULSWLRQV LQ WKH $PHULFDQ VWUXFWXUDOLVW WUDGLWLRQ WHVWLূ DQ\ DWWHPSW DW GHVFULELQJ
ODQJXDJHV SXUHO\ ةLQ WKHLU RZQ WHUPVت ULVNV PLVVLQJ LPSRUWDQW DQDO\WLFDO TXHVWLRQV 0RUHRYHU XQOHVV
WKH DQDO\VLV LV FRXSOHG ZLWK DQ H[SOLFLW PHWDODQJXDJH RI GHVFULSWLRQ WKH UDQJH RI SURSHUWLHV WKDW
DUH WDNHQ WR EH UHOHYDQW IRU D JLYHQ FRQVWUXFWLRQ UHPDLQV DUELWUDU\ RU HYHQ RSSRUWXQLVWLF DV &URী
 SXWV LW 7R PRVW HPSLULFDOO\PLQGHG OLQJXLVWV KRZHYHU VXFK D GHVFULSWLYH PHWDODQJXDJH LV
WKH PRUH DSSHDOLQJ WKH PRUH LW LV LQIRUPHG E\ NQRZOHGJH RI W\SRORJLFDO YDULDWLRQ DQG QRW MXVW E\
PHWDSULQFLSOHV VXFK DV HOHJDQFH LQ WKHRU\ GHVLJQ %XW WKHQ ZH DUH EDFN WR WKH SUREOHP RI GHெQLQJ
WKH ةULJKWت FRPSDUDWLYH FRQFHSWV IRU DQDO\]LQJ ODQJXDJHVSHFLெF VWUXFWXUHV
8QGHUO\LQJ DOO WKHVH VROXWLRQV DQG WKHLU SUREOHPV LV D JHQHUDO DWWHPSW WR WU\ DQG UHGXFH WKH
REVHUYHGGLYHUVLW\إKHUHEHWZHHQODQJXDJHVOLNH$PHOHDQG6ZDKLOLRQWKHRQHKDQG DQGODQJXDJHV
OLNH %HOKDUH 1HSDOL RU 7DX\D RQ WKH RWKHU KDQG إ WR RQH RU WZR XQLYHUVDO VWUXFWXUHV RU FRPSDUDWLYH
FRQFHSWV ,QWKLVSDSHU ,SURSRVHDQDOWHUQDWLYH EDVHGRQVWDQGDUGPHWKRGVXVHGLQRWKHUGLVFLSOLQHV
ZKHQ FRQিRQWHG ZLWK GLYHUVLW\ WKLV DOWHUQDWLYH FRQVLVWV LQ PHDVXULQJ LQVWHDG RI UHGXFLQJ GLYHUVLW\
, GHVFULEH WKH JHQHUDO LGHDV EHKLQG WKLV LQ 6HFWLRQ  ,Q 6HFWLRQ  , UHYLHZ VRPH RI WKH NH\ VWUXFWXUDO
SURSHUWLHV WKDW OHDG WR WKH GLYHUVLW\ LQ FODXVH OLQNDJH QRWHG DERYH DQG LQ JHQHUDO 6HFWLRQ  SUHVHQWV
ZD\V LQ ZKLFK WKH GLYHUVLW\ FDQ EH PHDVXUHG DQG GLVFXVVHV FURVVOLQJXLVWLF DQG SRVVLEO\ XQLYHUVDO
SDWWHUQV HPHUJLQJ িRP WKLV EDVHG RQ D SLORW GDWDEDVH RI  FRQVWUXFWLRQV িRP  ODQJXDJHV
 0XOWLYDULDWH DQDO\VLV
:KHQ FRQিRQWHG ZLWK GLYHUVLW\ PRVW RWKHU GLVFLSOLQHV WU\ WR PHDVXUH LW 7KH NH\ WR PDNLQJ
WKLV SRVVLEOH LV WKDW VWUXFWXUDO VLPLODULW\ QHHGV WR EH XQGHUVWRRG DV ZKDW LW LV VWUXFWXUHV S DQG
S DUH VLPLODU L௅ WKH\ DUH LGHQWLFDO LQ VRPH YDULDEOHV DOVR NQRZQ DV ةSURSHUWLHVت ةSDUDPHWHUVت RU
5HYLVHG YHUVLRQ ઝ -DQXDU\  
ةIHDWXUHVت $ֹ0 EXW GL௅HUHQW LQ RWKHU YDULDEOHV 1ֹ= 7KHUHIRUH ZH QHHG WR GHFRPSRVH WHUPV
OLNH ةFRVXERUGLQDWLRQت RU ةVXEMHFWت ةZRUGت ةVHQWHQFHت ةDQWLSDVVLYHت HWF LQWR VHWV RI YDULDEOHV WKDW
FDSWXUH DOO GLPHQVLRQV $ֹ= LQ ZKLFK DQ\ JLYHQ SDLU RI VWUXFWXUHV PD\ EH LGHQWLFDO RU GL௅HUHQW إ
ZKHWKHU EHWZHHQ ODQJXDJHV RU ZLWKLQ ODQJXDJHV , FDOO VXFK GHFRPSRVLWLRQV ةPXOWLYDULDWH DQDO\VLVت
H[WHQGLQJ WKH XVH RI WKH WHUP িRP LWV VWDWLVWLFDO PHDQLQJ RI VLPXOWDQHRXVO\ DQDO\]LQJ HQWLUH VHWV RI
YDULDEOHV WR WKH GHYHORSPHQW RI WKHVH VHWV LWVHOIu
7KH VHW RI YDULDEOHV PXVW EH ODUJH HQRXJK VR DV WR FDSWXUH DOO NQRZQ YDULDWLRQ DQG LQ SULQFLSOH
FRXOG H[WHQG WR WKH PLQXWHVW SKRQHWLF GL௅HUHQFHV 2EYLRXVO\ SUDFWLFDO FKRLFHV LQ UHVHDUFK LQWHUHVWV
DQG WLPH EXGJHWLQJ GLFWDWH XSSHU OLPLWV DV DOZD\V 7KH FKRLFH RI YDULDEOHV LV GHWHUPLQHG E\ VLPLODU
TXHVWLRQV RI UHVHDUFK SODQQLQJ EXW LI RQH VXEVFULEHV WR VWDQGDUG SULQFLSOHV RI HFRQRP\ LQ WKHRU\
GHVLJQ YDULDEOHV QHHG WR EH ORJLFDOO\ LQGHSHQGHQW RI HDFK RWKHU DQG LI RQH VXEVFULEHV WR HPSLULFLVW
SULQFLSOHV RI WKHRU\ GHVLJQ YDULDEOHV VKRXOG DOVR EH GHYHORSHG LQGXFWLYHO\ HJ XVLQJ WKH ஁கஔஏஔஙஐ
PHWKRG RI %LFNHO 	 1LFKROV  UDWKHU WKDQ H[FOXVLYHO\ RQ WKH EDVLV RI D SULRUL DVVXPSWLRQV DERXW
WKHQDWXUHRI JUDPPDU ,GHDOO\ WKHVHWRIYDULDEOHVLVODUJHHQRXJKWRFDSWXUHWKHIXOO UDQJHRINQRZQ
GLYHUVLW\ VR WKH ORJLFDOO\ SRVVLEOH FRPELQDWLRQV RI DOO OHYHOV LQ WKLV VHW DOORZ D SUHFLVH GHVFULSWLRQ
RI HDFK NQRZQ VWUXFWXUH )XOO GHYHORSPHQW RI VXFK D V\VWHP RI YDULDEOHV LV FOHDUO\ D ORQJWHUP JRDO
DQG PXVW SURFHHG LQ WDQGHP ZLWK SURJUHVV LQ WKH GHWDLOHG DQDO\VLV RI PDQ\ GL௅HUHQW ODQJXDJHV
7ZR NLQGV RI YDULDEOHV DUH UHOHYDQW LQ PXOWLYDULDWH W\SRORJ\ VWUXFWXUDO DQG GHQRWDWLRQDO YDUL
DEOHV 6WUXFWXUDO YDULDEOHV DUH GHெQHG LQ V\QWDFWLF RU VHPDQWLF WHUPV DQG WKHLU OHYHOV FDSWXUH VSHFLெF
V\QWDFWLF RU VHPDQWLF SURSHUWLHV HJ SURSHUWLHV OLNH ةFRƎXQFW VFRSH RI LOORFXWLRQDU\ RSHUDWRUVت RU
ةFRQGLWLRQDOت 'HQRWDWLRQDO YDULDEOHV DUH GHெQHG LQ WHUPV RI H[WUDOLQJXLVWLF VWLPXOL RU FRQWH[WV WR
ZKLFK ODQJXDJHVSHFLெF VWUXFWXUHV PD\ UHVSRQG LQ WKH VDPH RU LQ GL௅HUHQW ZD\V HJ D QDUUDWLYH
FRQWH[W PD\ HOLFLW RQH NLQG RI VWUXFWXUH LQ RQH ODQJXDJH DQG DQRWKHU VWUXFWXUH LQ DQRWKHU ODQJXDJH
,Q WKH IROORZLQJ , ZLOO OLPLW P\VHOI WR VWUXFWXUDO YDULDEOHV :LWKLQ WKHVH , ZLOO IXUWKHUPRUH PRVWO\
FRQFHQWUDWH RQ DVSHFWV RI V\QWD[ DQG LVVXHV RI VHPDQWLF VFRSH , KDYH QRWKLQJ WR VD\ LQ WKLV SDSHU
RQ WKH VHPDQWLF UHODWLRQV EHWZHHQ SURSRVLWLRQV RU XVDJH SDWWHUQV DOWKRXJK WKHUH LV QR GRXEW WKDW
WKH UHOHYDQW YDULDEOHV DUH LPSRUWDQW IRU XQGHUVWDQGLQJ WKH GLVWULEXWLRQ RI FODXVH OLQNDJH VWUXFWXUHV
LQ WKH ODQJXDJHV RI WKH ZRUOG
 6RPH YDULDEOHV LQ FODXVH OLQNDJH ZLWK SDUWLFXODU DWWHQWLRQ WR DGMRLQHG VWUXFWXUHV
,Q WKLV VHFWLRQ , UHYLHZ VRPH RI WKH EHWWHUNQRZQ ZD\V LQ ZKLFK FODXVH OLQNDJH VWUXFWXUHV GL௅HU
িRP HDFK RWKHU ZLWKLQ DQG DFURVV ODQJXDJHV 7R NHHS WKH VFRSH RI WKH GLVFXVVLRQ PDQDJHDEOH ,
IRFXV RQ DGMRLQHG FODXVHV DQG GLVUHJDUG FODXVHV WKDW DUH VXEFDWHJRUL]HG E\ PDLQ FODXVHV LH WKDW DUH
HPEHGGHG LQ WKH VHQVH RI FRPSOHPHQW FODXVHV 7KH UHVXOWV RI WKH GLVFXVVLRQ DUH VXPPDUL]HG LQ
6HFWLRQ  ZKHUH WKH YDULDEOHV DUH DSSOLHG WR D SLORW GDWDEDVH
u )RU DQ HDUOLHU SURSRVDO PRYLQJ LQ D VLPLODU GLUHFWLRQ EXW DVVXPLQJ SUHGHெQHG ةLGHDOت W\SHV VHH /HKPDQQ  )RU
PRUH JHQHUDO GLVFXVVLRQ RI WKH PXOWLYDULDWH DSSURDFK VHH %LFNHO 
5HYLVHG YHUVLRQ ઝ -DQXDU\  
 ,OORFXWLRQDU\ VFRSH
$V QRWHG LQ WKH LQWURGXFWRU\ GLVFXVVLRQ D NH\ YDULDEOH LV WKH VFRSH RI LOORFXWLRQDU\ RSHUDWRUV٢ OLNH
TXHVWLRQ RU LPSHUDWLYH PDUNHUV WKDW RFFXU LQ WKH PDLQ FODXVH ,Q SULQFLSOH HDFK RI WKHVH RSHUDWRUV
FRXOG KDYH WKHLU RZQ VFRSH SURSHUWLHV EXW IRU SUHVHQW SXUSRVHV , VLPSOLূ PDWWHUV E\ FROODSVLQJ
WKHP
$ ெUVW SRVVLELOLW\ LV IRU VWUXFWXUHV QRW WR LPSRVH DQ\ V\QWDFWLF FRQVWUDLQW 7KLV ZDV LOOXVWUDWHG
E\ WKH LQWURGXFWRU\ H[DPSOHV LQ  WKURXJK  ,I D VWUXFWXUH FRQVWUDLQV WKH VFRSH WKHUH DSSHDU
WR EH DW OHDVW WKUHH RSWLRQV )LUVW LQ VRPH VWUXFWXUHV WKH VFRSH LV DOZD\V FRƎXQFW 7KLV LV ZKDW
ZDV LOOXVWUDWHG E\ WKH $PHOH DQG 6ZDKLOL GDWD LQ  DQG  6HFRQG VRPH FODXVH OLQNDJH VWUXFWXUHV
REOLJDWRULO\ LPSRVH GLVMXQFW VFRSH VR WKDW RQO\ RQH RI WKH OLQNHG FODXVHV FDQ EH LQ WKH VFRSH RI WKH LO
ORFXWLRQDU\ PDUNHU 7KLV EHKDYLRU LV WUDGLWLRQDOO\ DVVRFLDWHG ZLWK WKH QRWLRQ RI ةVXERUGLQDWLRQت HJ











ة:KHQ KH ZDV KHUH GLG KH VD\ VRPHWKLQJ"ت RU ZDV KH VLOHQW"
RU ة'LG KH VD\ VRPHWKLQJ ZKHQ KH ZDV KHUH"ت RU ODWHU RQO\"
EXW QRW ة:DV KH KHUH DQG GLG KH VD\ VRPHWKLQJ"ت
,Q VWUXFWXUHV LQYROYLQJ WKH WRSLF PDUNHU  QDD LQ %HOKDUH RU ZKHQ LQ (QJOLVK RQO\ RQH RI WKH OLQNHG
FODXVHV FDQ EH TXHVWLRQHG WKH RWKHU FODXVH PXVW EH LQWHUSUHWHG DV SUHVXSSRVHG
$ IXUWKHU RSWLRQ LV IRU PDLQ FODXVH LOORFXWLRQDU\ VFRSH WR EH OLPLWHG WR LWV FODXVH إ , FDOO WKLV
ةORFDOت VFRSH LQ WKH IROORZLQJ 6WUXFWXUHV ZLWK ORFDO VFRSH RীHQ FRUUHVSRQG WR ZKDW LV WUDGLWLRQ
DOO\ FDOOHG ةFRRUGLQDWLRQت EXW WUDQVODWLRQV GR QRW DOZD\V LQYROYH FRRUGLQDWLRQ LQ (QJOLVK DQG OLQNHG
FODXVHV PD\ VKRZ DV\PPHWULFDO GHSHQGHQFLHV WKDW RQH ZRXOG QRUPDOO\ WDNH WR LQGLFDWH VXERUGLQD
WLRQ LQ WUDGLWLRQDO WHUPV 2EYLRXVO\ WKH YDULDEOH RI LOORFXWLRQDU\ VFRSH LV ORJLFDOO\ LQGHSHQGHQW RI
YDULDEOHV KDYLQJ WR GR ZLWK V\PPHWU\ RU GHSHQGHQF\ 7KH IROORZLQJ VWUXFWXUH LQ $PHOH LQYROYHV
WZR LQGHSHQGHQW FODXVHV OLQNHG E\ WKH FRƎXQFWLRQ JED ةEXWت
















ة7KH SLJ UDQ DZD\ EXW GLG WKH PHQ NLOO LW"ت
,Q 7DX\D ORFDO VFRSH LV DVVRFLDWHG ZLWK ةWRSLFت FODXVHV PRUH DNLQ WR DGYHUELDO VXERUGLQDWLRQ LQ
(QJOLVK
٢ 7KURXJKRXW WKLV FKDSWHU , XVH WKH WHUP ةRSHUDWRUت IRU DQ\ JUDPPDWLFDO FDWHJRU\ WKDW WDNHV VFRSH RYHU VRPH RWKHU
OLQJXLVWLF REMHFW 7KXV LOORFXWLRQDU\ IRUFH PDUNHUV DUH RSHUDWRUV ZKLOH IRU H[DPSOH SHUVRQ PDUNHUV DUH QRW
5HYLVHG YHUVLRQ ઝ -DQXDU\  












ة7KH\ VDW KHUH DQGEXW GLG \RX WDON WR WKHP"ت
RU ة6LQFH WKH\ VDW KHUH GLG \RX WDON WR WKHP"ت
,Q VRPH ODQJXDJHV ORFDO VFRSH RSWLRQDOO\ H[WHQGV WR GHSHQGHQW FODXVHV D SDWWHUQ ZKLFK ZLOO EH
FDOOHG ةH[WHQVLEOH VFRSHت DV RSSRVHG WR ةORFDOت ةFRƎXQFWت DQG ةGLVMXQFWت VFRSH )RU WKH VWUXFWXUH
LQ WKH IROORZLQJ H[DPSOH িRP 8VDQ 5HHVLQN  QRWHV WKDW حLW LV QRW DXWRPDWLFDOO\ FOHDU
ZKHWKHU WKH LQWHUURJDWLYH PDUNHG RQ WKH ெQDO YHUE DOVR DSSOLHV WR WKH SUHFHGLQJ SUHGLFDWHخ












ة'LG WKH PDQ KLW WKH GRJ DQG LW GLHG"ت
$ VLPLODU SDWWHUQKDV UHFHQWO\EHHQ QRWHGE\ 0RORFKLHYD IRU WKH 1DNK'DJKHVWDQLDQODQ
JXDJH &KHFKHQ DQG E\ )RUNHU  IRU +LQXT DQRWKHU ODQJXDJH RI WKH VDPH IDPLO\ ,Q &KHFKHQ
FODXVH OLQNDJH ZLWK WKH JHQHUDOSXUSRVH FRQYHUE LQ QD DOORZV PDLQ VFRSH LOORFXWLRQDU\ PDUNHUV WR
VFRSH RYHU WKH PDLQ FODXVH RU RYHU ERWK WKH PDLQ FODXVH DQG WKH GHSHQGHQW FODXVH EXW QRW RYHU WKH
GHSHQGHQW FODXVH DORQH










ة'LG 0DOLND FRPH KRPH KDYLQJ JRQH WR WKH VWRUH"ت SUHVXSSRVLQJ ةKDYLQJ JRQH WR WKH VWRUHت
RU ة0DOLND ZHQW WR WKH VWRUH EXW GLG VKH FRPH KRPH"ت
RU ة'LG 0DOLND JR WR WKH VWRUH DQG FRPH KRPH"ت
EXW QRW ة'LG 0DOLND JR WR WKH VWRUH KDYLQJ FRPH KRPH"ت
6WUXFWXUHV ZLWK H[WHQVLEOH VFRSH DUH DOPRVW DV ேH[LEOH DV VWUXFWXUHV ZLWK XQFRQVWUDLQHG VFRSH H[FHSW
WKDWH[WHQVLEOHVFRSHUHTXLUHVWKHPDLQFODXVHWRDOZD\VIDOOLQWRWKHVFRSHRIPDLQFODXVHLOORFXWLRQDU\
RSHUDWRUV
 6FRSH RI QHJDWLRQ WHQVH DQG RWKHU PDLQ FODXVH RSHUDWRUV
:KLOH WKH VFRSH RI LOORFXWLRQDU\ PDUNHUV LV SDUWLFXODUO\ SURPLQHQW LQ GL௅HUHQWLDWLQJ FODXVH OLQNDJH
W\SHV WKH VFRSH RI RWKHU PDLQ FODXVH RSHUDWRUV FDQ DOVR SURYLGH IXQGDPHQWDO GLVWLQFWLRQV DQG HDFK
RI WKHVH FDQ LQ SULQFLSOH EH VXEMHFW WR WKHLU RZQ VFRSH FRQVWUDLQWV
2QH LPSRUWDQW VXFK RSHUDWRU LV QHJDWLRQ 7XUNLVK FRQYHUE FODXVHV LQ ,S IRU H[DPSOH KDYH EHHQ
QRWHG WR KDYH FRƎXQFW QHJDWLRQ VFRSH ZKLOH FRQYHUE FODXVHV LQ ,S GH RU LQFH KDYH ORFDO VFRSH LH
DUH OLPLWHG WR WKH PDLQ FODXVH
5HYLVHG YHUVLRQ ઝ -DQXDU\  






























ة:KHQ KH FDPH KRPH KH GLG QRW ZDVK KLV KDQGVت
$V WKH GDWD LQ EF VKRZ ,S GH DQG LQFH EORFN WKH VFRSH RI WKH QHJDWLRQ PDUNHU PD LQ
WKH PDLQ FODXVH 7KLV FRQWUDVWV ZLWK ,S DORQH LQ D ZKHUH WKH VFRSH RI WKH QHJDWLRQ PDUNHU LV
FRƎXQFW
&RQYHUEV LQ 3XPD D .LUDQWL ODQJXDJH LPSRVH GLVMXQFW VFRSH









ة&KDWWLQJ ZH GR QRW ZRUNت
RU ة:H ZRUN ZLWKRXW WDONLQJت
EXW QRW ة:H QHLWKHU ZRUN QRU WDONت
%XU¼VKDVNL FRQYHUE FRQVWUXFWLRQV GR QRW FRQVWUDLQ WKH VFRSH RI QHJDWLRQ DQG VHQWHQFHV OLNH WKH
IROORZLQJ FDQ EH XQGHUVWRRG ZLWK HLWKHU FRƎXQFW RU GLVMXQFW VFRSH













ة+DYLQJ JRQH WR WKH PRVTXH VRPH SHRSOH GR QRW SUD\ت EXW UHDG
RU ة6RPH SHRSOH GR QRW SUD\ DীHU JHWWLQJ WR WKH PRVTXHت EXW DীHU JHWWLQJ XS
RU ة6RPH SHRSOH GR QRW JR WKH PRVTXH DQG GR QRW SUD\ت
:KLOH , DP QRW DZDUH RI D VWUXFWXUH ZLWK QHJDWLRQ KDYLQJ H[WHQVLEOH VFRSH RI WKH NLQG GLVFXVVHG
HDUOLHU IRU LOORFXWLRQDU\ IRUFH QHJDWLRQ RSHUDWRUV DOORZ IRU \HW DQRWKHU SRVVLELOLW\ QRW DWWHVWHG IRU
LOORFXWLRQDU\ IRUFH VRPH FODXVH OLQNDJH VWUXFWXUHV UHTXLUH WKH VFRSH WR H[WHQG H[FOXVLYHO\ WR WKH
GHSHQGHQW FODXVH 7KLV LV ZHOONQRZQ িRP VWXGLHV RI FRPSOHPHQW FODXVHV ZKHUH WKH SKHQRPHQRQ
KDVEHHQGXEEHGة1(*WUDQVSRUWتHJ+RUQDQGLVH[HPSOLெHGE\H[SUHVVLRQOLNH,GRQ֯WWKLQN
WKDW S ZKLFK DUH UHJXODUO\ LQWHUSUHWHG DV ة, WKLQN WKDW S LV QRW WKH FDVHت 7KH IROORZLQJ H[DPSOHV
LOOXVWUDWH WKLV IRU DGMRLQHG VWUXFWXUHV LQ %HOKDUH LQ FRQWUDVW WR WKH FRQYHUEV LQ WKH UHODWHG ODQJXDJH
3XPD ZKLFK LPSRVHV GLVMXQFW VFRSH DV LQ 








ة+H GLGQتW NHHS ZRUNLQJ XQWLO KH FDPHت LH ةKH ZRUNHG EXW QRW XQWLO KH FDPHت






ة+H GLGQتW ORRN DURXQG ZKLOH ZDONLQJت LH ةKH ZDONHG ZLWKRXW ORRNLQJ DURXQGت
,Q WKLV FDVH WKH QHJDWLRQ PDUNHU KDV VFRSH RYHU WKH GHSHQGHQW FODXVH WKH PDLQ FODXVH PXVW EH
LQWHUSUHWHG DV DைUPDWLYH 7KLV W\SH RI ةWUDQVSRUWHGت VFRSH LV VR IDU XQDWWHVWHG ZLWK RWKHU RSHUDWRU
FDWHJRULHV ,QGHHG ZLWK UHJDUG WR LOORFXWLRQDU\ RSHUDWRUV %HOKDUH ORNFRQVWUXFWLRQV KDYH ORFDO















ة7DON WR PH FOHDUO\ VR WKDW , XQGHUVWDQGت
+HUH WKH GL௅HUHQFH EHWZHHQ WKH LOORFXWLRQDU\ PDUNHUV LQ WKH PDLQ FODXVH KDV QR LPSDFW RQ WKH
LQWHUSUHWDWLRQ RI WKH GHSHQGHQW FODXVH 7KH IDFW WKDW WKH VDPH FRQVWUXFWLRQV VKRZ GL௅HUHQW VFRSH
EHKDYLRU XQGHU QHJDWLRQ DQG XQGHU LOORFXWLRQDU\ RSHUDWRUV FRQெUPV WKDW WKHVH DUH LQGHSHQGHQW
W\SRORJLFDO YDULDEOHV
,OORFXWLRQDU\ IRUFH DQG QHJDWLRQ DUH WKH EHVW NQRZQ RSHUDWRUV ZKRVH VFRSH EHKDYLRU GL௅HU
HQWLDWHV EHWZHHQ FODXVH OLQNDJH W\SHV 2WKHU RSHUDWRUV DUH QRW ZHOOVWXGLHG LQ WKLV UHJDUG 2QH
H[FHSWLRQ LV WHQVH DQG VWDWXV UHDOLVLUUHDOLV PDUNHUV (VSHFLDOO\ IRU 3DSXDQ ODQJXDJHV WKH VFRSH
EHKDYLRU RI WKHVH PDUNHUV KDV RীHQ EHHQ QRWHG WR GL௅HU DFURVV FODXVH OLQNDJH VWUXFWXUHV )ROH\ 	
9DQ 9DOLQ  )ROH\  $PHOH ȝHVWUXFWXUHV LOOXVWUDWH FRƎXQFW WHQVH VFRSH FI  ZKLFK
VKRZV FRƎXQFW LOORFXWLRQDU\ VFRSH RI WKH VDPH FRQVWUXFWLRQ
























ة7KH SLJ ZLOO UXQ RXW QRW UDQ RXW DQG WKH PHQ ZLOO NLOO LWت
+HUH WKH WHPSRUDO LQWHUSUHWDWLRQ RI WKH GHSHQGHQW FODXVH VWULFWO\ GHSHQGV RQ WKH WHQVH FKRLFH LQ WKH
PDLQ FODXVH 7KLV FRQWUDVWV ZLWK %HOKDUH NLFODXVHV ZKHUH WKH GHSHQGHQW FODXVH LV QRW QHFHVVDULO\
ZLWKLQ WKH VFRSH RI WKH PDLQ FODXVH WHQVH PDUNHU 7KH VFRSH LV SULPDULO\ OLPLWHG WR WKH PDLQ FODXVH
EXW FDQ RSWLRQDOO\ EH H[WHQGHG LQWR WKH GHSHQGHQW FODXVH $FFRUGLQJO\ D VHQWHQFH OLNH WKH IROORZLQJ











ة7KH\ ZLOO UHDFK KRPH DQG FKDWت
5HYLVHG YHUVLRQ ઝ -DQXDU\  
RU ة:KHQ WKH\ UHDFK KRPH WKH\تOO FKDWت
RU ة7KH\ UHDFKHG KRPH DQG QRZ WKH\ ZLOO FKDWت
)RUDVLPLODUFRQVWUXFWLRQLQDQRWKHU6LQR7LEHWDQODQJXDJHRI1HSDO &KDQW\DO 1RRQDQ
QRWHV ح%HFDXVH RI WKH FRQWH[W LQ ZKLFK WKLV ZDV VDLG ZH XQGHUVWDQG WKH FRQYHUE WR EH UHIHUULQJ
WR D WLPH IXWXUH UHODWLYH WR WKH PRPHQW RI VSHDNLQJ KRZHYHU KDG WKH VHQWHQFH EHHQ XWWHUHG DীHU
KH KDG DUULYHG LQ KLV KRPH YLOODJH EXW EHIRUH KH PHW KLV IDWKHU ZH ZRXOG XQGHUVWDQG WKH FODXVH DV
UHIHUULQJ WR DQ HYHQW SDVW UHODWLYH WR WKH PRPHQW RI VSHDNLQJخ














ة, ZLOO JR KRPH DQG VHH P\ IDWKHUت
RU ة+DYLQJ JRQH KRPH , DP WR VHH P\ IDWKHUت
7HQVH PDUNHUV ZKRVH VFRSH LV QRW FRƎXQFW EXW H[WHQVLEOH DUH DOVR FKDUDFWHULVWLF RI VRPH ,QGR
(XURSHDQ SDUWLFLSOH FRQVWUXFWLRQV 3DUWLFLSOHV LQ $QFLHQW *UHHN IRU H[DPSOH DUH DWWHVWHG ERWK




























ة, ZLOO VSHDN RXW EHFDXVH , XQGHUVWDQG LW ZHOOت +HURG +LVW ,; 
,Q D WKH WLPH UHIHUHQFH RI WKH SDUWLFLSLDO FODXVH FRLQFLGHV ZLWK WKDW RI WKH PDLQ FODXVH LQ E
E\ FRQWUDVW WKH SDUWLFLSLDO FODXVH PDNHV D SUHVHQW WHQVH DVVHUWLRQ ZKLOH WKH PDLQ FODXVH UHIHUV WR WKH
IXWXUH
7HQVH PDUNHUV ZLWK ORFDO VFRSH LH VFRSH WKDW LV UHVWULFWHG WR WKH PDLQ FODXVH DUH DOVR DWWHVWHG
7KLVLVPRVWO\WKHFDVHZKHQERWKWKHGHSHQGHQWDQGWKHPDLQFODXVHDUHPDUNHGIRUWKHLURZQWHQVH
7KH RWKHU VFRSH W\SHV REVHUYHG ZLWK LOORFXWLRQDU\ IRUFH DQG QHJDWLRQ YL] GLVMXQFW RU WUDQVSRUWHG
VFRSH QHYHU VHHP WR RFFXU ZLWK WHQVH PDUNHUV
 )LQLWHQHVV DQG PDUNLQJ SRVVLELOLWLHV
$W ெUVW VLJKW LW VHHPV SODXVLEOH WR DQDO\]H HYHU\ NLQG RI QRQORFDO VFRSH FRQVWUDLQW DV UHVXOWLQJ
িRP WKH IDFW WKDW D GHSHQGHQW FODXVH LV QRW IXOO\ ெQLWH LH ODFNV VRPH RSHUDWRU VSHFLெFDWLRQ RI LWV
RZQ +RZHYHU DV ZH VDZ LQ WKH SUHFHGLQJ QRQெQLWH GHSHQGHQW FODXVHV GR QRW DOZD\V OHDG WR VFRSH
FRQVWUDLQWV FI WKH GDWD LQ  DQG  DERYH $QG ெQLWHQHVV LV GHWHUPLQHG QRW RQO\ E\ RSHUDWRU
FDWHJRULHV LH FDWHJRULHV ZLWK D FHUWDLQ VFRSH EHKDYLRU EXW DOVR E\ UHIHUHQWLDO FDWHJRULHV OLNH SHUVRQ
5HYLVHG YHUVLRQ ઝ -DQXDU\  
PDUNLQJ ZKLFK GRHV QRW GHெQH D VSHFLெF VFRSH RYHU RWKHU OLQJXLVWLF REMHFWV 7KXV WKH YDULDEOH RI
ெQLWHQHVV LV ORJLFDOO\ LQGHSHQGHQW িRP YDULDEOHV RI VFRSH
)LQLWHQHVV LV WUDGLWLRQDOO\ GHெQHG E\ WKH UDQJH RI FDWHJRULHV WKDW FDQ EH H[SUHVVHG E\ LQேHFWLRQDO
IRUPV LQ WKRVH PDLQ FODXVH W\SHV WKDW DOORZ WKH PD[LPDO QXPEHU RI FDWHJRULHV 'HSHQGHQW FODXVHV
FDQ GHYLDWH িRP WKLV E\ DOORZLQJ PRUH RU OHVV FDWHJRULHV ,I WKHUH DUH OHVV FDWHJRULHV WKH YHUE IRUP
KHDGLQJ WKH GHSHQGHQW FODXVH LV FDOOHG ةQRQெQLWHت 7KH FDVH ZKHUH D GHSHQGHQW FODXVH H[SUHVVHV PRUH
FDWHJRULHV WKDQ D PDLQ FODXVH GRHV QRW ெW DQ\ WUDGLWLRQDO WHUP EXW VHH WKH :DPEXOH GDWD LQ 
EHORZ IRU DQ H[DPSOH
)LQLWHQHVV LV UHOHYDQW IRU FODXVH OLQNDJH RQ LWV RZQ EXW WKHUH DUH WZR DGGLWLRQDO DVSHFWV ெUVW
GHSHQGHQW FODXVHV YDU\ DV WR H[DFWO\ ZKLFK FDWHJRULHV FDQ EH PDUNHG DQG ZKLFK FDWHJRULHV DUH QRW
DOORZHG 7R WKH H[WHQW WKDW FDWHJRULHV DUH UHDOL]HG E\ LQேHFWLRQDO PRUSKRORJ\ WKLV IROORZV িRP
ெQLWHQHVV KRZHYHU PDQ\ VXFK FDWHJRULHV HJ WHQVH RU LOORFXWLRQDU\ IRUFH FDQ DOVR EH UHDOL]HG E\
LQGHSHQGHQW HOHPHQWV ZRUGV FOLWLFV SDUWLFOHV DQG WKHUHIRUH SRVVLELOLWLHV KHUH FDQ EH LQGHSHQGHQW
RI ெQLWHQHVV 6HFRQG VRPH OLQNDJH W\SHV UHTXLUH WKDW WZR FODXVHV FRQWDLQ WKH VDPH GHJUHH RI
ெQLWHQHVV DQG WKH VDPH UDQJH RI H[SUHVVLEOH FDWHJRULHV ZKLOH RWKHU OLQNDJH W\SHV GR QRW UHTXLUH
WKLV ,Q WKH IROORZLQJ , FRQFHQWUDWH RQ WKH ெUVW LVVXH LH RQ PDUNLQJ SRVVLELOLWLHV RI GHSHQGHQW
FODXVHV LQ WKHLU RZQ ULJKW 7KH VHFRQG LVVXH ZLOO EH WDNHQ XS LQ 6HFWLRQ ۼ
 ,OORFXWLRQDU\ IRUFH PDUNLQJ
$Q LVVXH WKDW LV RীHQ FULWLFDO LV ZKHWKHU RU QRW GHSHQGHQW FODXVHV DOORZ WKH PDUNLQJ RI LOORFX
WLRQDU\ IRUFH RSHUDWRUV ,Q PDQ\ ODQJXDJHV FRƎXQFW LOORFXWLRQDU\ VFRSH HQWDLOV WKDW LOORFXWLRQDU\
PDUNHUV FDQQRW WKHPVHOYHV DSSHDU RQ GHSHQGHQW FODXVHV 7KLV LV WKH FDVH IRU H[DPSOH LQ WKH $PHOH
FRQVWUXFWLRQV WKDW ZHUH ெUVW LOOXVWUDWHG E\  DQG 















ة'LG WKH SLJ UXQ RXW DQG GLG WKH PHQ NLOO LW"ت
%XW VXFK D FRQVWUDLQW RQ LOORFXWLRQDU\ PDUNLQJ LV QRW XQLYHUVDO 7XUNLVK GHSHQGHQW FODXVHV LQ
,S VKRZ FRƎXQFW VFRSH ZKHQ WKH LOORFXWLRQDU\ PDUNHU DSSHDUV RQ WKH ெQLWH ெQDO FODXVH DV LQ D
EXW QRWKLQJ EDUV VXFK PDUNHUV িRP DSSHDULQJ RQ WKH GHSHQGHQW FODXVH DV LQ E






















ة'LG WKH\ VSHDN ZKLOH WKH\ ZHUH VLWWLQJ"ت DVNLQJ DERXW WKH FLUFXPVWDQFH RI VSHDNLQJ
$QG VLPLODU SRVVLELOLWLHV DUH NQRZQ িRP WKH 3DSXDQ ODQJXDJH )RUH
5HYLVHG YHUVLRQ ઝ -DQXDU\  












ة*LYH PH VRPHWKLQJ DQG WKHQ , ZLOO HDW LWت LH ة*LYH PH VRPHWKLQJ WR HDWت
7KH VHQWHQFH LQ D LOOXVWUDWHV WKH IDFW WKDW PDLQ FODXVH TXHVWLRQ PDUNHUV KDYH FRƎXQFW VFRSH
ZKLOHEVKRZVWKDWWKLVEDVLFVWUXFWXUHGRHVQRWEDQWKHRFFXUUHQFHRIDWOHDVWLPSHUDWLYHPDUNHUV
RQ WKH GHSHQGHQW FODXVH
$ QXPEHU RI ODQJXDJHV DOORZ LOORFXWLRQDU\ PDUNLQJ RQ GHSHQGHQW FODXVHV RQO\ LI LW PDWFKHV WKH
PDUNLQJ LQ WKH PDLQ FODXVH ,Q %HOKDUH IRU H[DPSOH NLFODXVHV RI WKH NLQG LOOXVWUDWHG EHIRUH E\











,Q &KHFKHQ LOORFXWLRQDU\ PDUNLQJ RQ WKH GHSHQGHQW FODXVH LV SRVVLEOH LQ VRPH EXW QRW RWKHU
VWUXFWXUHV )RU H[DPSOH WKH PDUNLQJ LV EORFNHG LQ FODXVHV PDUNHG E\ WKH VHTXHQWLDO FRQYHUE LQ QD
RU WKH FRQFHVVLYH FRQYHUE LQ QDVKHKZ WKDW LV GHULYHG িRP WKLV ,Q HDFK FDVH WKH LQWHUURJDWLYH FOLWLF
 LL PXVW RFFXU RQ WKH PDLQ FODXVH DF DQG FDQQRW EH DWWDFKHG WR WKH GHSHQGHQW FODXVH EG










ة'LG 0DOLND FRPH KRPH KDYLQJ JRQH WR WKH VWRUH"ت SUHVXSSRVLQJ ةKDYLQJ JRQH WR WKH
VWRUHت
RU ة'LG 0DOLND JR WR WKH VWRUH DQG FRPH KRPH"ت
























ة'LG =DUD JR WR WKH VWRUH HYHQ WKRXJK \RX KLW KHU"ت













,QWHQGHG ة'LG =DUD JR WR WKH VWRUH HYHQ WKRXJK \RX KLW KHU"ت
5HYLVHG YHUVLRQ ઝ -DQXDU\  
%XW LOORFXWLRQDU\ PDUNLQJ LV DOORZHG LQ FODXVHV KHDGHG E\ WKH WHPSRUDO FRQYHUE LQ FKD














ة:DV KLV PRWKHU KDSS\ ZKHQ 0XVD FDPH KRPH"ت SUHVXSSRVLQJ HLWKHU ةPRWKHU ZDV
KDSS\ت RU ة0XVD FDPH KRPHت














ة:DV KLV PRWKHU KDSS\ ZKHQ 0XVD FDPH KRPH" SUHVXSSRVLQJ ةPRWKHU ZDV KDSS\تت
7KH SRVVLELOLW\ RI LOORFXWLRQDU\ PDUNLQJ LV DJDLQ LQGHSHQGHQW RI VFRSH EHKDYLRU ERWK WKH FRQ
FHVVLYH DQG WKH WHPSRUDO FRQYHUE DUH OLPLWHG WR VWUXFWXUHV ZLWK GLVMXQFW VFRSH DV VKRZQ E\ F
DQG D <HW WKH FRQFHVVLYH FRQYHUE EDQV LOORFXWLRQDU\ PDUNLQJ G ZKLOH WKH WHPSRUDO FRQYHUE
GRHVQتW E 7KLV VKRZV WKDW RQH FDQQRW GHெQH D XQLYHUVDOO\ DSSOLFDEOH QRWLRQ RI ةVXERUGLQDWLRQت
ZKLFK ZRXOG HQWDLO ERWK GLVMXQFW VFRSH DQG D EDQ RQ LOORFXWLRQDU\ PDUNLQJ RQ GHSHQGHQW FODXVHV
,QVWHDG VFRSH EHKDYLRU DQG WKH SRVVLELOLW\ RI LOORFXWLRQDU\ PDUNLQJ DUH LQGHSHQGHQW YDULDEOHV
 7HQVH DQG VWDWXV PDUNLQJ
$QRWKHU W\SH RI RSHUDWRU WKDW LV RীHQ UHOHYDQW IRU GLVWLQJXLVKLQJ FODXVH OLQNDJH W\SHV LV WHQVH RU
VWDWXV UHDOLVLUUHDOLV PDUNHUV :KHQ GLVFXVVLQJ WHQVH VFRSH LQ 6HFWLRQ ۼ ZH QRWHG WKDW D ODFN RI
WHQVH PDUNHUV LQ WKH GHSHQGHQW FODXVH GRHV QRW QHFHVVDULO\ HQWDLO FRƎXQFW VFRSH ,Q RWKHU ODQJXDJHV
VXFKDV$PHOH KRZHYHU DEDQRQWHQVHPDUNLQJGRHVJRWRJHWKHUZLWKFRƎXQFWWHQVHVFRSH5REHUWV
 7KLV VXJJHVWV WKDW OLNH LQ WKH FDVH RI LOORFXWLRQDU\ IRUFH VFRSH DQG PDUNLQJ SRVVLELOLWLHV DUH
LQGHSHQGHQW YDULDEOHV LQ WKH W\SRORJ\ RI WHQVH DV ZHOO
,Q VRPH ODQJXDJHV WHQVH PDUNLQJ LQ GHSHQGHQW FODXVHV LV SRVVLEOH EXW DW WKH VDPH WLPH VXEMHFW
WR FRQVWUDLQWV RQ WHQVH FKRLFHV DFURVV FODXVHV LQ WKH VSLULW RI /DWLQ FRQVHFXWLR WHPSRUXP UXOHV 2QH
H[DPSOH LV %HOKDUH ORNFRQVWUXFWLRQV RI WKH NLQG LOOXVWUDWHG E\ D DQG  7KH GHSHQGHQW
FODXVH PXVW EH LQ WKH VXEMXQFWLYH EXW ZLWKLQ WKLV LW FDQ EH HLWKHU LQ WKH SDVW D RU QRQSDVW ]HUR
PDUNHG 7KH FKRLFH PXVW PDWFK WKH WHQVH FKRLFH LQ WKH PDLQ FODXVH KRZHYHU %LFNHO I


























ة, ZLOO ZRUN WLOO WKH VXQ VHWVت
$QRWKHU H[DPSOH FRPHV িRP +XD D 7UDQV1HZ *XLQHD ODQJXDJH িRP WKH 3DSXDQ KLJKODQGV
DQG IXUWKHU 3DSXDQ H[DPSOHV DUH GLVFXVVHG E\ )ROH\ LQ WKLV YROXPH
 +XD 7UDQV1HZ *XLQHD .DLQDQWX*RURNDQ +DLPDQ 

















,QWHQGHG ة7KH\ ZLOO JLYH PH SRUN DQG VR , ZHQWت LH ة, ZHQW EHFDXVH WKH\ ZLOO JLYH
PH SRUNت
,Q RQH W\SH RI FODXVH OLQNDJH PDUNHG E\ DQ DJUHHPHQW SDUDGLJP WKDW DOVR VLJQDOV VZLWFKUHIHUHQFH
KHUH LQ WKH IRUP RI WKH WKLUG SHUVRQ GL௅HUHQW VXEMHFW PDUNHU JD WHQVH PDUNLQJ LV DOORZHG LQ
WKH GHSHQGHQW FODXVH RQO\ LI LW PDWFKHV WKH WHQVH PDUNLQJ RI WKH PDLQ FODXVH 7KLV LV WKH FDVH
LQ D EXW QRW LQ E ,Q DQRWKHU W\SH RI FODXVH OLQNDJH LQ +XD PDUNHG E\ DQ DJUHHPHQW
SDUDGLJP ZLWKRXW VZLWFKUHIHUHQFH FRGLQJ KHUH LQ IRUP RI WKH WKLUG SHUVRQ SOXUDO PDUNHU PD










ة7KH\ ZLOO JLYH PH SRUN DQG VR , ZHQWت LH ة, ZHQW EHFDXVH WKH\ ZLOO JLYH PH SRUNت
8QFRQVWUDLQHG WHQVH PDUNLQJ LQ GHSHQGHQW FODXVHV LV WUDGLWLRQDOO\ DVVRFLDWHG ZLWK HLWKHU ةFR
RUGLQDWLRQت DQG ةVXERUGLQDWLRQت ZKLOH WKH SUHVHQFH RI FRQVWUDLQWV KDV VRPHWLPHV EHHQ VXJJHVWHG
DV GLDJQRVWLF RI ةFKDLQLQJت DQG ةFRQYHUEت FRQVWUXFWLRQV HJ )ROH\  +RZHYHU LQ D QXPEHU RI
ODQJXDJHV LQFOXGLQJ ODQJXDJHV িRP WKH 7UDQV1HZ *XLQHD IDPLO\ VWUXFWXUHV WUDGLWLRQDOO\ FODVVL
ெHG DV ةFKDLQLQJت িHHO\ DOORZ WHQVH PDUNLQJ $ FDVH LQ SRLQW LV .RUDIH ZKHUH WKH GL௅HUHQW VXEMHFW
PDUNHU LQ WKH IROORZLQJ H[DPSOHV HVWDEOLVK SDVW WHQVH UHIHUHQFH LQ WKH GHSHQGHQW FODXVH 7KH PDLQ
FODXVH FDQ EH LQGHSHQGHQWO\ PDUNHG DV SUHVHQW RU SDVW WHQVH












ة, JDYH LW DQG KH ZHQW WZR RU PRUH GD\V DJRت
,Q :DPEXOH D ODQJXDJH িRP WKH VDPH 6LQR7LEHWDQ EUDQFK DV %HOKDUH WHQVH PDUNLQJ LV
DOORZHG H[FOXVLYHO\ RQ FKDLQHG GHSHQGHQW FODXVHV 0DLQ FODXVHV E\ FRQWUDVW FDQQRW EH PDUNHG IRU
WHQVH٣
٣ 7KLV LV OLNHO\ WR UHVXOW িRP D UHJXODU SURFHVV RI QRPLQDOL]LQJ PDLQ FODXVHV IROORZLQJ D JHQHUDO WUHQG FKDUDFWHULVWLF RI
WKH 6LQR7LEHWDQ IDPLO\ DW ODUJH %LFNHO E 7KH QRPLQDOL]HU ZDV HYHQWXDOO\ UHDQDO\]HG DV DQ LOORFXWLRQDU\ PDUNHU
ZLWK VRPH NLQG RI ةDVVHUWLYHت RU ةDைUPDWLYHت IXQFWLRQ
5HYLVHG YHUVLRQ ઝ -DQXDU\  




























ة, DWH FRRNHG JUDLQ EHIRUH DQG QRZ , ZLOO JR WR VFKRROت
%RWK VHQWHQFHV LQ  FRQWDLQ GHSHQGHQW FODXVHV PDUNHG DV SDVW WHQVH EXW LQ D WKLV FRPELQHV
ZLWK SDVW WHQVH UHIHUHQFH LQ WKH PDLQ FODXVH ZKLOH LQ E WKH DGYHUE W\Dč ةিRP QRZ RQت VXJJHVWV
IXWXUH WHQVH UHIHUHQFH LQ WKH PDLQ FODXVH
 &DWHJRULFDO V\PPHWU\
,VVXHV RI ெQLWHQHVV DQG PDUNLQJ SRVVLELOLWLHV DUH QRW RQO\ UHOHYDQW ZLWK UHJDUG WR WKH GHSHQGHQW
FODXVH RQ LWV RZQ EXW DOVR LQ UHODWLRQ WR WKH PDUNLQJ SRVVLELOLWLHV RI WKH PDLQ FODXVH 7KH FRUH LVVXH
LV ZHWKHU RU QRW WKH GHSHQGHQW DQG WKH PDLQ FODXVH DOORZ WKH VDPH UDQJH RI FDWHJRULHV LH ZKHWKHU
WKH FRQVWUXFWLRQ LV V\PPHWULFDO RU DV\PPHWULFDO LQ WKLV UHJDUG 7KH GL௅HUHQFH EHWZHHQ V\PPHWULFDO
DQG DV\PPHWULFDO FODXVH OLQNDJH ZDV ெUVW HPSKDVL]HG E\ +DLPDQ  DE LQ ZRUN RQ +XD
DQG RWKHU 3DSXDQ ODQJXDJHV D UHODWHG FRQFHSW RI ةEDODQFHGت YV ةGHUDQNHGت OLQNDJH ZDV GHYHORSHG E\
6WDVVHQ  DQG &ULVWRIDUR  
+XD FRQVWUXFWLRQV OLNH WKRVH LQ  IRU H[DPSOH DUH DV\PPHWULFDO LQ WKDW WKH GHSHQGHQW FODXVH
DOORZV DQWLFLSDWRU\ VXEMHFW PDUNLQJ ZKLOH WKH PDLQ FODXVH GRHV QRW DOORZ WKLV EXW LQVWHDG DOORZV
PDUNLQJ RI LOORFXWLRQDU\ IRUFH 7KLV FRQWUDVWV ZLWK V\PPHWULFDO FRQVWUXFWLRQV VXFK DV WKRVH LQ URK¯
DQG UHK¯ ZKLFK VLJQDO WZR LWHUDWLYH HYHQWV LQ DOWHUQDWLRQ






ة, JDYH WKHP VRPH WKH\ DWH , JDYH WKHP VRPH PRUH WKH\ DWH DQG VR RQت
1RWH WKDW WKH YHUE IRUPV LQ WKLV H[DPSOH DUH QRW IXOO\ ெQLWH LQ +XD WKH\ ODFN WHQVH DQG LOORFXWLRQDU\
IRUFH PDUNLQJ DQG WKH DJUHHPHQW SDUDGLJP LV JUHDWO\ UHGXFHG +DLPDQ  :KDW PDWWHUV IRU
V\PPHWULFDO OLQNDJH LV WKDW FRƎXQFWV DOORZ WKH VDPH UDQJH RI FDWHJRULHV WR EH PDUNHG QRW ZKHWKHU
WKH\ DUH ெQLWH RU QRW
7KH FRQWUDVW EHWZHHQ V\PPHWULFDO DQG DV\PPHWULFDO FRQVWUXFWLRQ LV RীHQ DVVRFLDWHG ZLWK FODXVH
OLQNDJH W\SHV EDVHG RQ FRƎXQFWLRQV YV Dை[HV ,Q $PHOH IRU H[DPSOH FRQVWUXFWLRQV LQYROYLQJ
GHSHQGHQW YHUE PRUSKRORJ\ DQG VZLWFKUHIHUHQFH RI WKH NLQG LOOXVWUDWHG E\   RU  LV
DV\PPHWULFDO &RƎXQFWLRQV OLNH IR ةRUت RU JED ةEXWت E\ FRQWUDVW UHTXLUH V\PPHWU\ LQ WKH UDQJH RI
FDWHJRULHV H[SUHVVHG DOVR FI 
















ة'LG )UHG FRPH \HVWHUGD\ RU WRGD\"ت
















































ة, OLW WKH ெUH EXW VKH FRRNHG WKH IRRGت
,Q D ERWK FRƎXQFWV DUH ெQLWH DQG WHQVHPDUNHG LQ E ERWK FRƎXQFWV DUH QRQெQLWH DQG
PDUNHG IRU ةVDPH VXEMHFWت HQFORVHG E\ D UHSHWLWLRQ RI IR 7KH XQJUDPPDWLFDO VHQWHQFH LQ F
VKRZV WKDW WKH FRƎXQFWLRQ JED LV QRW FRPSDWLEOH ZLWK DQ DV\PPHWULFDO FKRLFH RI FDWHJRULHV HJ
VZLWFKUHIHUHQFH PDUNLQJ LQ RQH FRƎXQFW EXW WHQVH PDUNLQJ LQ WKH RWKHU 2QO\ D V\PPHWULFDO
FKRLFH DV LQ G LV DFFHSWHG
:KLOH VXFK DQ DVVRFLDWLRQ RI V\PPHWU\ ZLWK FRƎXQFWLRQV LV FRPPRQ LW LV QRW XQLYHUVDO ,Q
%HOKDUH IRU H[DPSOH VRPH FRƎXQFWLRQV OLFHQVH DV\PPHWULFDO ZKLOH RWKHUV UHTXLUH V\PPHWULFDO
FDWHJRU\ FKRLFHV 7KH FRƎXQFWLRQ NL DOORZV WKH VXEMXQFWLYH FDWHJRU\ DV VKRZQ E\ E DERYH إ
D SRVVLELOLW\ WKDW LV QRW JLYHQ IRU PDLQ FODXVHV 7KLV FRQWUDVWV ZLWK WKH HQFOLWLF FRƎXQFWLRQ FKD
ZKLFK LV XVHG LQ D V\PPHWULFDO FRQVWUXFWLRQV IRU H[SUHVVLQJ DOWHUQDWLQJ HYHQWV ,Q WKLV FDVH ERWK









ة, KLW KLP DQG GURYH KLP R௅ت
$V\PPHWULFDO FODXVH OLQNDJH DOORZV WKH H[SUHVVLRQ RI GL௅HUHQW UDQJHV RI FDWHJRULHV :KDW LV VWLOO
UHTXLUHG KRZHYHU LV WKDW FRƎXQFWV DUH RI WKH VDPH W\SH HJ ERWK YHUEKHDGHG FODXVHV 7KLV LV
GL௅HUHQW LQ ZKDW , FDOO KHUH ةFRQVWUDLQWিHHت OLQNDJH ZKHUH LW LV QRW UHTXLUHG WKDW WKH SDUW RI VSHHFK
RI FRƎXQFWV EH PDWFKHG 7KLV LV W\SLFDO IRU VHQWHQWLDO WRSLF FODXVHV 0DUFKHVH  +DLPDQ 
%LFNHO   D VXFK DV WKRVH RI 8VDQ







































ة$V IRU WKH PDQ KLV JDUGHQ ZHQW GRZQ LQ WKH ODQGVOLGHت
,Q D HQJ PDUNV D ெQLWH FODXVH DV SURYLGLQJ WKH EDFNJURXQG DJDLQVW ZKLFK WKH PDLQ FODXVH
TXHVWLRQ LV WR EH XQGHUVWRRG ,Q E WKH VDPH FRƎXQFWLRQ PDUNV D VDPHVXEMHFW FRQYHUE DV
5HYLVHG YHUVLRQ ઝ -DQXDU\  
SURYLGLQJ WKH UHOHYDQW EDFNJURXQG OHDGLQJ DV LV RীHQ WKH FDVH ZLWK WRSLF FODXVHV +DLPDQ 
WR DQ LQWHUSUHWDWLRQ DV D FRQGLWLRQDO ,Q F ெQDOO\ WKH িDPHZRUN LV SURYLGHG E\ D EDUH QRXQ
PXQRQ ةPDQت LQ D W\SLFDO WRSLF FRQVWUXFWLRQ 7KHUH LV QR UHDVRQ WR DVVXPH WKDW WKH VHPDQWLF
FRQWULEXWLRQ RI WKH FRƎXQFWLRQ YDULHV DFURVV WKHVH WKUHH FDVHV LQ DOO LQVWDQFHV WKH FRƎXQFWLRQ
GHெQHV WKH িDPHZRUN ZLWKLQ ZKLFK WKH UHVW RI WKH FODXVH LV WR EH LQWHUSUHWHG IDLUO\ FORVH WR &KDIHتV
 GHெQLWLRQ RI D WRSLF DV حD VSDWLDO WHPSRUDO RU LQGLYLGXDO িDPHZRUN ZLWKLQ ZKLFK WKH PDLQ
SUHGLFDWLRQ KROGVخ
 )RFXV RU TXHVWLRQV LQ OLQNHG FODXVHV DQG H[WUDFWLRQ SRVVLELOLWLHV
,Q PDQ\ ODQJXDJHV VRPH W\SHV RI OLQNHG FODXVHV EDQ WKH RFFXUUHQFH RI TXHVWLRQ ZRUGV ,W LV VRPH
WLPHV FODLPHG WKDW VXFK FRQVWUDLQWV FDQ EH GHULYHG িRP JHQHUDO H[WUDFWLRQ FRQVWUDLQWV 5RVV 
&KRPVN\  RU িRP LQIRUPDWLRQ VWUXFWXUH FRQVWUDLQWV )ROH\ 	 9DQ 9DOLQ  9DQ 9DOLQ
 DQG WKDW RQ HLWKHU DFFRXQW WKH FRQVWUDLQWV GL௅HUHQWLDWH EHWZHHQ XQLYHUVDOO\ GHெQHG W\SHV RI
FODXVH OLQNDJH FRRUGLQDWLRQ YV VXERUGLQDWLRQ +RZHYHU LW VHHPV EHVW WR WUHDW TXHVWLRQ DQG IRFXV
SRVVLELOLWLHV DV D YDULDEOH WKDW LV LQGHSHQGHQW RI H[WUDFWLRQ SRVVLELOLWLHV DQG QRW WR WLH DQ\ RI WKHVH WR
RWKHU YDULDEOHV RI FODXVH OLQNDJH VXFK DV LOORFXWLRQDU\ VFRSH EHKDYLRU 7KH FURVVOLQJXLVWLF YDULDWLRQ
LV MXVW WRR ELJ IRU DQ\ UHGXFWLRQLVW DSSURDFK 7KHUH DUH WKUHH SLHFHV RI HYLGHQFH IRU NHHSLQJ WKH
YDULDEOHV GLVWLQFW
)LUVW DV DUJXHG E\ )ROH\ 	 9DQ 9DOLQ  DQG 9DQ 9DOLQ  D EDQ RQ TXHVWLRQV LQ
GHSHQGHQW FODXVHV FDQQRW EH UHGXFHG WR H[WUDFWLRQ FRQVWUDLQWV EHFDXVH VXFK D EDQ PD\ REWDLQ HYHQ
ZLWKRXWH[WUDFWLRQ LHZKHUHTXHVWLRQZRUGVUHPDLQLQVLWX )ROH\	9DQ9DOLQDQG9DQ9DOLQ
 GHPRQVWUDWH WKLV ZLWK GDWD িRP WKH 6LRXDQ ODQJXDJH /DNKRWD DQG D VLPLODU VLWXDWLRQ REWDLQV
LQ 7DX\D




















LI ZKR GLG FRPH KHUHطت
([DPSOH D LV EDVHG RQ WKH VDPH ةFKDLQLQJت FRQVWUXFWLRQ WKDW ZDV LOOXVWUDWHG HDUOLHU LQ  ,Q
WKHVH FRQVWUXFWLRQV LQ VLWX TXHVWLRQ ZRUGV DUH SRVVLEOH LQVLGH WKH GHSHQGHQW FODXVH KHDGHG E\ WXDWH
ةKH JDYH LW WR VRPHRQH DQGطت 7KLV LV LQ PLQLPDO RSSRVLWLRQ WR ةWRSLFت FODXVH FRQVWUXFWLRQV RI WKH
NLQG REVHUYHG HDUOLHU LQ  DQG LOOXVWUDWHG KHUH E\ E LQ WKHVH FRQVWUXFWLRQV WKH GHSHQGHQW
FODXVH GRHV QRW DOORZ TXHVWLRQ ZRUGV 7KLV FRQVWUDLQW LV LPSRVHG E\ WKH W\SH RI FODXVH OLQNDJH
DQG GRHV QRW UHVXOW িRP DQ\ H[WUDFWLRQ FRQVWUDLQW VLQFH TXHVWLRQ ZRUGV DUH QHYHU H[WUDFWHG LQ WKH
ODQJXDJH
6HFRQG WKH GRPDLQ RI SRVVLEOH H[WUDFWLRQ VLWHV PD\ EH GL௅HUHQW িRP WKH GRPDLQ WKDW GH
ெQHV ZKHUH TXHVWLRQ ZRUGV FDQ DSSHDU DQG WKLV VXJJHVWV WKDW WKHVH DUH LQGHSHQGHQW YDULDEOHV ,Q
&KHFKHQ IRU H[DPSOH FRQYHUEV LQ QD DQG DOF DOORZ LQ VLWX TXHVWLRQ IRUPDWLRQ MXVW OLNH WKHLU
5HYLVHG YHUVLRQ ઝ -DQXDU\  
7DX\D FRXQWHUSDUWV LQ D٤




























ة$KPHG ZDV KDSS\ XQWLO ZKR FDPH KRPH"ت
%XW WKH VDPH FRQVWUXFWLRQV EORFN H[WUDFWLRQ LQ WKH IRUP RI UHODWLYH FODXVHV



























,QWHQGHG ةWKH GUHVV WKDW =DUD ERXJKW DQG FDPH KRPHت
7KLV LV LQ GLUHFW FRQWUDVW WR 7DX\D ZKHUH WKH VZLWFKUHIHUHQFH PDUNHG GHSHQGHQW FODXVHV LOOXVWUDWHG
E\ D DERYH GR DOORZ H[WUDFWLRQ LQ WKH IRUP RI UHODWLYH FODXVHV






















ةWKH ZRPDQ ZKR JDYH LW WR PH DQG , WRRN LW DZD\ت
([DPSOH E LV D UHODWLYH FRQVWUXFWLRQ EDVHG RQ D ZKHUH WKH VROH DUJXPHQW RI WKH GHSHQGHQW
FODXVH IHQDȝD ةWKH ZRPDQت LV H[WUDFWHG DV WKH KHDG
7KLUG WKHSRVVLELOLWLHVRILQVLWXTXHVWLRQVRUIRFXVIRUPDWLRQDUHLQGHSHQGHQWRIRWKHUSURSHUWLHV
RI FODXVH OLQNDJH )RU H[DPSOH ZKLOH 7DX\D EDQV LQ VLWX TXHVWLRQV LQ FRQGLWLRQDO FODXVHV DV QRWHG
LQ E DERYH RWKHU ODQJXDJHV DOORZ WKLV LQ RWKHUZLVH YHU\ VLPLODU FODXVH OLQNDJH FRQVWUXFWLRQV
7KLV LV VR IRU H[DPSOH LQ $PHOH DQG %HOKDUH FRQGLWLRQDO FODXVHV DV ZHOO DV LQ ةZKHQت DQG ةZKLOHت
FODXVHV
٤ DQG VLQFH WKH\ DOVR DOORZ FRƎXQFW VFRSH RI LOORFXWLRQDU\ IRUFH RSHUDWRUV DV VKRZQ LQ  WKH FRQVWUXFWLRQ TXDOLெHV DV
ةFRVXERUGLQDWHت LQ 5ROH DQG 5HIHUHQFH *UDPPDU FI *RRG 
5HYLVHG YHUVLRQ ઝ -DQXDU\  


















ة6KH ZLOO FRRN DQG HDW LI ZKR ZLOO OLJKW WKH ெUH"ت
























ة:KLOH ZKHUH VLWWLQJ GLG KH WHOO \RX"ت
'LUHFW WUDQVODWLRQV LQWR (QJOLVK W\SLFDOO\ IDLO EHFDXVH D TXHVWLRQ ZRUG LQ (QJOLVK ةLIت DQG ةZKHQت
FODXVHV LV LQWHUSUHWHG DV DQ HFKR TXHVWLRQ %XW LQ WKH RULJLQDO WKHVH DUH JHQXLQH TXHVWLRQV
6WUXFWXUHV ZLWK QR LOORFXWLRQDU\ VFRSH FRQVWUDLQW RীHQ িHHO\ DOORZ TXHVWLRQ DQG IRFXV ZRUGV
LQ GHSHQGHQW FODXVHV DV ZHOO 7KLV LV VKRZQ E\ WKH HDUOLHU H[DPSOH িRP 7DX\D LQ D DQG WKH
IROORZLQJ GDWD িRP YDULRXV ODQJXDJHV












ة:KHUH ZHUH \RX ZKHQ WKH EHOO UDQJ"ت






























ة6LQFH ஙஏக GRQتW NQRZ LW HLWKHU KRZ FDQ \RX WDON >DERXW LW@"ت














ة+RZ GRHV WKDW OD]\ IHOORZ HDUQ D OLYLQJ"ت
,Q VRPH ODQJXDJHV WKHUH DUH DOVR VWUXFWXUHV ZLWK H[WHQVLEOH LOORFXWLRQDU\ VFRSH WKDW DOORZ TXHVWLRQ
ZRUGV 7KLV LV WKH FDVH LQ &KHFKHQ QDFRQVWUXFWLRQV DV QRWHG LQ  DERYH
:KLOH WKHVH GDWD VKRZHG WKDW LQ VLWX TXHVWLRQ DQG WKHUHE\ IRFXV IRUPDWLRQ LV LQGHSHQGHQW
RI RWKHU FODXVH OLQNDJH YDULDEOHV WKH IROORZLQJ VKRZ WKDW WKH VDPH LV WUXH RI WKH SRVVLELOLWLHV IRU
5HYLVHG YHUVLRQ ઝ -DQXDU\  
TXHVWLRQ ZRUG H[WUDFWLRQ 6RPH ODQJXDJHV OLNH (QJOLVK EORFN VXFK H[WUDFWLRQ িRP ةDGYHUELDO
FODXVHVت ZKLOH RWKHU ODQJXDJHV DOORZ LW 7KH IROORZLQJ H[DPSOH িRP /DWLQ VKRZV H[WUDFWLRQ RI
DQ REMHFW DUJXPHQW SHUPXOWD ةPDQ\ت িRP D FRQGLWLRQDO FODXVH PDUNHG E\ QLVL ةLI QRWت LQWR WKH


























&LF GH 2U  
ةPDQ\ >SURSHUWLHV@ VXFK WKDW LI WKH RUDWRU GLGQتW KDYH WKHP E\ QDWXUH KH FRXOGQتW EH PXFK
KHOSHG E\ D WHDFKHUت /LWHUDOO\ ة
PDQ\ SURSHUWLHV >ZKLFKL FRXOGQتW EH KHOSHG E\ D WHDFKHU
>LI WKH RUDWRU GLGQتW KDYH tL E\ QDWXUH@@ت
2WKHU ODQJXDJHV GLVWULEXWH SRVVLELOLWLHV LQ D GL௅HUHQW ZD\ ,Q 7DX\D IRU H[DPSOH ZH QRWHG LQ
 WKDW H[WUDFWLRQ LV SRVVLEOH LQ VZLWFKUHIHUHQFHPDUNHG FKDLQLQJ FRQVWUXFWLRQV EXW LW LV QRW
SRVVLEOH ZLWK WRSLF FODXVHV RI WKH NLQG LOOXVWUDWHG LQ  DQG E DERYH



























,QWHQGHG ةWKH ZRPDQ ZKR , VDZ DQG ZKR JDYH PH D PDQJRت
7KH SUHFHGLQJ H[DPSOHV DOO LQYROYHG H[WUDFWLRQ LQ WKH IRUP RI UHODWLYH FODXVHV EXW DOVR WKH
SRVVLELOLWLHVIRUDীHUWKRXJKWH[WUDFWLRQLHDVSHFLDOW\SHRIULJKWGLVORFDWLRQDUHVRPHWLPHVVXEMHFW
WR YDULDWLRQ DFURVV W\SHV RI FODXVH OLQNDJH ,Q %HOKDUH IRU H[DPSOH NLFODXVHV DV H[HPSOLெHG LQ 
 DQG  UHJXODUO\ VXSSRUW WKH H[WUDFWLRQ RI DUJXPHQWV LQWR SRVWYHUEDO SRVLWLRQV ZKHUHDV WRSLF













ة:KHQ VKH SRLQWHG ZLWK KHU ெQJHU DW KLP \RXU FHOL WKDW LV >5DLQERZ@ FDPH DQG





















ة:KHQ WKH\ FDOOHG KLP KLV িLHQG WKDW LV KH GLGQتW JRت
5HYLVHG YHUVLRQ ઝ -DQXDU\  
$V ZH KDYH VHHQ LQ  DERYH %HOKDUH QDDFODXVHV DOORZ LQ VLWX TXHVWLRQ IRUPDWLRQ 7KLV FRQெUPV
DJDLQWKDWWKHSRVVLELOLWLHVRITXHVWLRQIRUPDWLRQDUHDYDULDEOHLQGHSHQGHQWRIWKHYDULDEOHUHJXODWLQJ
H[WUDFWLRQ FRQVWUDLQWV
 )RFXV PDUNLQJ RQ GHSHQGHQW FODXVHV
,Q WKH SUHFHGLQJ ZH FRQFHQWUDWHG RQ TXHVWLRQ DQG IRFXV IRUPDWLRQ LQVLGH GHSHQGHQW FODXVHV EXW
IRFXVPDUNHUVFDQRIFRXUVHDOVRRFFXUDWWDFKHGWRWKHHGJHRIVXFKFODXVHV ZLWKDVFRSHWKDWW\SLFDOO\
LQFOXGHV WKH HQWLUH FODXVH EXW GRHV QRW H[WHQG EH\RQG LW 7KH W\SLFDO IXQFWLRQV RI VXFK PDUNHUV OLH
LQ UHVWULFWLQJ DGGLQJ RU FRQWUDVWLQJ SURSRVLWLRQV (VSHFLDOO\ ZKHQ WLJKWO\ LQWHJUDWHG LQWR WKH PDLQ
FODXVH V\QWD[ GHSHQGHQW FODXVHV DOORZ VXFK IRFXV PDUNHUV 7KLV LV ZHOO DWWHVWHG LQ PDQ\ (XUDVLDQ
FRQYHUEV DV DPSO\ LOOXVWUDWHG E\ +DVSHOPDWK  EXW LW DOVR H[WHQGV WR VRPH VWUXFWXUHV WKDW DUH














ة+H GULQNV OLTXRU HYHQ DীHU WKH PHDOت
7KHSRVVLELOLW\RIIRFXVPDUNLQJRQDGHSHQGHQWFODXVHVHHPVWREHLQGHSHQGHQWRIWKHSRVVLELOLW\
RI LQWHUURJDWLYH RU IRFXVHG FRQVWLWXHQWV ZLWKLQ WKH GHSHQGHQW FODXVH %HOKDUH NLFODXVHV DOORZ ERWK
IRFXV PDUNHUV RQ WKH FODXVH DV MXVW VKRZQ LQ  DV ZHOO DV TXHVWLRQ ZRUGV LQVLGH WKH FODXVH DV
VKRZQ HDUOLHU LQ  %XW WKLV LV QRW XQLYHUVDO &KHFKHQ QDFODXVHV DOORZ TXHVWLRQ ZRUGV LQVLGH WKH
FODXVH DV VKRZQ LQ D EXW WKH VDPH FODXVHV GR QRW DOORZ IRFXV PDUNHUV DWWDFKHG WR WKHLU HGJHV
UHJDUGOHVV RI ZKHWKHU WKH FODXVH FRQWDLQV D TXHVWLRQ ZRUG RU QRW


























ة0DOLND ZHQW WR WKH VWRUH DQG WKHQ FDPH EDFN KRPHت
:KHWKHU RU QRW IRFXV PDUNHUV DUH DOORZHG RQ GHSHQGHQW FODXVHV WKHUHIRUH VHHPV WR EH DJDLQ DQ
LQGHSHQGHQW YDULDEOH 7KH SRVVLELOLW\ RI IRFXV PDUNLQJ SHUKDSV GHSHQGV RQ WKH H[DFW VHPDQWLFV RI
WKHUHOHYDQWIRFXVPDUNHUV EXWLQVRPHFDVHVLWVHHPVWRGHSHQGRQWKHIRUPRIWKHGHSHQGHQWFODXVH
:KLOH DV MXVW QRWHG &KHFKHQ QDFODXVHV EDQ IRFXV PDUNHUV FKDFODXVHV DOORZ WKHP DOWKRXJK WKH
GL௅HUHQFH LQ PHDQLQJ EHWZHHQ WKHVH FRQYHUEV LV PLQLPDO












ة:KDW GLG 0DOLND EX\ DQG FDPH KRPH"ت
5HYLVHG YHUVLRQ ઝ -DQXDU\  
7KH SRVVLELOLW\ RI SXUHO\ IRUPDO FRQVWUDLQWV LV IXUWKHU LOOXVWUDWHG E\ %XU¼VKDVNL D ODQJXDJH IRU ZKLFK
7LNNDQHQ I QRWHV WKDW LWV FRQYHUEV FDQQRW KRVW DQ\ IRFXV SDUWLFOH 7KLV LV LQ FRQWUDVW ZLWK
,QGR$U\DQ ODQJXDJHV RI WKH VDPH UHJLRQ OLNH +LQGL RU 1HSDOL ZKHUH VXFK SDUWLFOHV িHHO\ DWWDFK
WR FRQYHUE FODXVHV
(VSHFLDOO\ LQ ZRUN RQ (XURSHDQ ODQJXDJHV LW KDV EHHQ VXJJHVWHG WKDW IRFXV DVVLJQPHQW DQG
WRSLFFRPPHQW DUWLFXODWLRQ LQ JHQHUDO FRQVWUDLQV WKH VFRSH RI LOORFXWLRQDU\ IRUFH DQG VLPLODU RSHU
DWRUV HJ -DFREV   DQG PDQ\ RWKHUV VLQFH 3UHOLPLQDU\ HYLGHQFH LQ %LFNHO  DQG
6FKDFNRZ HW DO LQ SUHVV VXJJHVWV WKDW WKLV PD\ QRW EH XQLYHUVDO )RU H[DPSOH িRP DOO ZH NQRZ
WKH SUHVHQFH RU DEVHQFH RI WKH UHVWULFWLYH IRFXV FOLWLF  čD GRHV QRW UHVROYH WKH VFRSH DPELJXLW\ RI
WKH LOORFXWLRQDU\ IRUFH RSHUDWRU LQ 3XPD









ة'LG WKH\ FRPH DQG SOD\ WKH GUXP"ت FRƎXQFW
RU ة'LG WKH\ SOD\ WKH GUXP ZKLOH FRPLQJ"ت RQO\ FRQYHUEDO FODXVH LQ VFRSH RI TXHVWLRQ
RU ة3OD\LQJ WKH GUXP GLG WKH\ FRPH"ت RQO\ PDLQ FODXVH FODXVH LQ VFRSH RI TXHVWLRQ
:KLOH PRUH UHVHDUFK LV QHHGHG WR ெUPO\ HVWDEOLVK WKH QDWXUH RI  čD DV D IRFXV PDUNHU LW VHHPV
EHVW WR DVVXPH IRU QRZ WKDW FKRLFHV LQ IRFXV PDUNLQJ DQG LQ LOORFXWLRQDU\ VFRSH DUH LQ SULQFLSOH
LQGHSHQGHQW RI HDFK RWKHU ,I IRFXV DQG LOORFXWLRQDU\ VFRSH DUH VWUXFWXUDOO\ OLQNHG LQ D ODQJXDJH
WKLV PD\ QHFHVVLWDWH SRVLWLQJ GLVWLQFW VWUXFWXUHV إ IRU H[DPSOH RQH VWUXFWXUH ZLWK IRFXV RQ WKH
PDLQ FODXVH DQG ORFDO LOORFXWLRQDU\ RU QHJDWLRQ VFRSH DV RSSRVHG WR D FRQVWUXFWLRQ ZLWK IRFXV RQ
ERWK FODXVHV DQG FRƎXQFW LOORFXWLRQDU\ RU QHJDWLRQ VFRSH٥
 &ODXVH SRVLWLRQ
7KH SRVLWLRQ RI GHSHQGHQW FODXVHV DQG PDLQ FODXVHV KDV WUDGLWLRQDOO\ EHHQ WDNHQ DV D NH\ YDULDEOH LQ
FODXVH OLQNDJH W\SHV ,Q PDQ\ W\SHV WKH SRVLWLRQ LV ெ[HG DV HLWKHU LQLWLDO RU ெQDO $Q H[DPSOH LV
WKH $PHOH FRQVWUXFWLRQ WKDW ZDV DOUHDG\ LOOXVWUDWHG LQ   RU  7KH GHSHQGHQW FODXVH LQ
WKLV FRQVWUXFWLRQ PXVW DOZD\V SUHFHGH WKH PDLQ FODXVH
























ة7KH SLJ UDQ RXW DQG WKH PHQ NLOO LWت
7KH VDPH FRQGLWLRQ REWDLQV IRU 8VDQ FODXVHV PDUNHG E\ WKH FRƎXQFWLRQ HQJ FI  DERYH
٥ 7KDQNV WR 9RONHU *DVW IRU GUDZLQJ P\ DWWHQWLRQ WR WKLV SRVVLELOLW\
5HYLVHG YHUVLRQ ઝ -DQXDU\  
















ة,I WKH FKLOG LV FU\LQJ KLV PRWKHU ZLOO JLYH KLP \DPت
'HSHQGHQW FODXVHV PDUNHG E\ HQG ةEHFDXVHت E\ FRQWUDVW FDQ DSSHDU ERWK EHIRUH RU DীHU WKH PDLQ
FODXVH VDOYD YHULWDWH






































ة,W LV YHU\ PXGG\ WKDWتV EHFDXVH D ELJ UDLQ FDPH GRZQت
:KLOH VXFK ேH[LELOLW\ DV ZLWK 8VDQ HQGFRQVWUXFWLRQV DUH WUDGLWLRQDOO\ DVVRFLDWHG ZLWK ةVXERUGL
QDWLRQت LW FDQ DOVR EH REVHUYHG LQ VRPH ODQJXDJHV ZLWK FRQVWUXFWLRQV WKDW DUH IXQFWLRQDOO\ FORVHU WR
QDUUDWLYH ةFKDLQLQJت XVHV $Q H[DPSOH LV %HOKDUH NLFRQVWUXFWLRQV ,Q PRVW FDVHV NLFODXVHV DSSHDU
































ة+H LV JRLQJ ZHVW DীHU KDYLQJ WDNHQ KROG RI WKH ZDONLQJ VWLFNت
)RU PDQ\ FRQVWUXFWLRQV SRVLWLRQDO ேH[LELOLW\ LV OLPLWHG KRZHYHU LQ WKDW WKH GHSHQGHQW FODXVH
PXVW VWLOO EH DGMDFHQW WR WKH PDLQ FODXVH 7KLV LV VR LQ %HOKDUH %\ FRQWUDVW &KHFKHQ FRQYHUEV LQ
QD ZKLFK FRYHU D VLPLODU UDQJH RI QDUUDWLYH VHTXHQWLDO XVHV DV %HOKDUH NLFODXVHV DUH QRW VXEMHFW WR
DQ DGMDFHQF\ FRQVWUDLQW 7KH IROORZLQJ GDWD VKRZ VRPH SRVVLEOH VDOYD YHULWDWH SHUPXWDWLRQV RI WZR
FRQYHUE FODXVHV DQG RQH PDLQ FODXVH
5HYLVHG YHUVLRQ ઝ -DQXDU\  














































ة0DOLND ZHQW WR WKH VWRUH ERXJKW D ERRN DQG FDPH EDFN KRPHت
7KHH[DPSOHLQFVKRZVWKDWDFRQYHUEFODXVHQHHGQRWEHDGMDFHQWWRWKHPDLQFODXVHWKDWLWUHIHUV
WR KHUH WKH VHTXHQWLDO FRQYHUE VXை[ QD VLWXDWHV WKH HYHQW RI ERRN EX\LQJ LQWR D GLUHFW UHODWLRQ
WR WKH HYHQW H[SUHVVHG LQ WKH PDLQ FODXVH ةFRPLQJ KRPHت KHUH LQLWLDO QRW LQ WKH LPPHGLDWHO\
DGMDFHQW FODXVH ةJRLQJ WR WKH VWRUHت KHUH WKH VHFRQG FODXVH 6XFK EHKDYLRU LV WUDGLWLRQDOO\ WDNHQ WR
EH DVVRFLDWHG ZLWK ةVXERUGLQDWLRQت DQG FDQ RীHQ EH REVHUYHG ZLWK ZKDW WUDQVODWHV (QJOLVK ةDGYHUELDO
FODXVHVت
 /D\HU RI DWWDFKPHQW
$GMRLQHG FODXVHV DUH QRW HPEHGGHG LQ WKH VHQVH RI EHLQJ DUJXPHQWV RI PDLQ FODXVH SUHGLFDWHV %XW
WKH\ FDQ DWWDFK WR YDULRXV OHYHOV LQVLGH D PDLQ FODXVH :KLOH PRUH ெQHJUDLQHG GLVWLQFWLRQV DUH
FHUWDLQO\ SRVVLEOH ZKDW VHHPV WR EH WKH PRVW LPSRUWDQW GL௅HUHQFH LV EHWZHHQ ܎ FODXVHV DGMRLQLQJ
WR D SUHGLFDWH RU YHUE ةDG9ت ܏ FODXVHV DGMRLQLQJ WR HQWLUH FODXVHV ةDG6ت RU ܐ FODXVHV WKDW
DUH DGMRLQHG WR VRPH KLJKHU OHYHO DQG DSSHDU DV ةGHWDFKHGت িRP PDLQ FODXVHV LQ WKH VHQVH RI .¸QLJ
	 YDQ GHU $XZHUD   .¸QLJ  DQG RWKHUV ZRUNLQJ RQ (XURSHDQ FODXVH OLQNDJH
SDWWHUQV٦ $ IXUWKHU SRVVLELOLW\ LV IRU FODXVHV WR EH DGMRLQHG QRW VR PXFK WR D VHQWHQFH EXW WR DQ
XWWHUDQFH DV LQ WKH FDVH RI VSHHFKDFW PRGLূLQJ FODXVHV OLNH IUDQNO\ VSHDNLQJ
2I DOO WKHVH GLVWLQFWLRQV WKH RQH WKDW VHHPV WR EH RI ZLGHVSUHDG UHOHYDQFH LV WKDW EHWZHHQ DG9
DQG DG6 FRQVWUXFWLRQV 7KH WUDGLWLRQDO WHUP ةDGYHUELDO VXERUGLQDWLRQت FRQேDWHV WKH WZR EXW PDQ\
ODQJXDJHV PDNH VKDUS GLVWLQFWLRQV %LFNHO    $G9 FODXVHV SHUIRUP WKH IXQFWLRQ RI
DGYHUELDO PRGLெHUV DG6 FODXVHV E\ FRQWUDVW SURYLGH JHQHUDO িDPHZRUNV IRU WKH PDLQ FODXVH DV LQ
ةLIت ةZKHQت RU JHQHUDO ةWRSLFت FODXVHV RU VHTXHQFHV LQ DQ HYHQW FKDLQ $G9 FODXVHV W\SLFDOO\ EHKDYH
OLNH RUGLQDU\ DGYHUELDO FRQVWLWXHQWV RীHQ FDVHPDUNHG OLNH 13 FRQVWLWXHQWV DQG HQWLUHO\ WUDQVSDUHQW
WR WKH DVVLJQPHQW RI FDVH WR RWKHU FRQVWLWXHQWV RI WKH PDLQ FODXVH 7KH FULWLFDO UHVXOW RI DOO WKLV LV









ة+H ZHQW WR 'KDQNXWD VWXPEOLQJت
٦ DOVR FI WKH QRWLRQ RI ةOHীGHWDFKHGت DQG ةULJKWGHWDFKHGت SRVLWLRQ LQ 5ROH DQG 5HIHUHQFH *UDPPDU 9DQ 9DOLQ 	 /D3ROOD
 9DQ 9DOLQ 





ة6KH LV SDVVLQJ E\ ZLWK WKH FRZVت
7KH GHSHQGHQW FODXVH LQ D DOVR FI D  DQG  LV PDUNHG E\ WKH VDPH FRPLWDWLYH FDVH VXை[
DV WKH 13 LQ E 7KH 13 'KDQNXWD LQ D DSSHDUV ZLWK D ]HUR DOORPRUSK RI WKH ORFDWLYH FDVH
UDWKHU WKDQ WKH UHJXODU RYHUW ORFDWLYH LQ H 7KLV YHUVLRQ RI WKH ORFDWLYH LV OLFHQVHG E\ WKH PDLQ
FODXVH YHUE DQG FDQQRW EH OLFHQVHG E\ WKH GHSHQGHQW YHUE KLP ةVWXPEOHت ZKLFK VXJJHVWV WKDW WKH
GHSHQGHQW FODXVH GRHV QRW LQWHUIHUH ZLWK FDVH DQG VHPDQWLF UROH DVVLJQPHQW 7KLV LV GL௅HUHQW ZLWK





















ة,I KH ZDQWV KH ZLOO JR WR 'KDQNXWDت
%HFDXVH RI WKH LQWHUYHQLQJ DG6 FODXVH XFKRP SRN QDD ةLI KH ZDQWVت WKH PDLQ FODXVH YHUE FDQQRW
DVVLJQ FDVH WR WKH ெUVW 13 'KDQNXWD LQ E +HUH WKH DG6 FODXVH LV D WRSLF FODXVH EXW WKH VDPH

























ة0\ িLHQG WROG PH HYHU\WKLQJ DQG ZHQW R௅ت
1RPLQDWLYH FDVH RQ DWDN ةP\ িLHQGت LQ D FDQ RQO\ EH DVVLJQHG WKH YHUE IRUP NKDUH ةZHQWت EXW WKLV
LV LPSRVVLEOH EHFDXVH RI WKH LQWHUYHQLQJ NLFODXVH ,I WKLV FODXVH LV WR EH LQFOXGHG LW PXVW SUHFHGH
WKH HQWLUH PDLQ FODXVH DWDN NKDUH DV LQ E
,Q WKH DEVHQFH RI FDVH SDWWHUQV RI VHPDQWLF UROH DVVLJQPHQW PD\ EH WKH RQO\ UHேH[ RI DG6



























ة7KH SLJ UDQ RXW DQG WKH PHQ NLOOHG LWت
5HYLVHG YHUVLRQ ઝ -DQXDU\  
6HQWHQFH D LV XQJUDPPDWLFDO EHFDXVH GDQD DJH ةWKH PHQت FDQQRW EH DVVLJQHG D VHPDQWLF UROH WKH
13 EHORQJV WR WKH PDLQ YHUE JERLJD ةWKH\ NLOOHG LWت EXW UROH DVVLJQPHQW E\ WKLV YHUE LV EORFNHG E\
WKH LQWHUYHQLQJ GHSHQGHQW FODXVH KR EXVDOHȝHE ةWKH SLJ UDQ RXW DQGت ZKLFK LWVHOI KDV QR H[WUD UROH
WR DVVLJQ 7KH VHQWHQFH EHFRPHV JUDPPDWLFDO LQ E ZKHUH WKH GHSHQGHQW FODXVH LV QRW FHQWHU
HPEHGGHG EXW SUHFHGHV WKH PDLQ FODXVH FRQWDLQLQJ ERWK GDQD DJH DQG WKH PDLQ YHUE
 2WKHU YDULDEOHV
7KH SUHFHGLQJ GLVFXVVLRQ VXJJHVWHG D QXPEHU RI YDULDEOHV WKDW DUH ORJLFDOO\ LQGHSHQGHQW RI HDFK
RWKHU 7KHUH DUH RWKHU YDULDEOHV 6RPH RI WKHVH VXFK DV WKH GL௅HUHQFH EHWZHHQ DGMRLQHG DQG
VXEFDWHJRUL]HG DUJXPHQWDO GHSHQGHQW FODXVHV DUH RXWVLGH WKH VFRSH RI WKLV VXUYH\ $QRWKHU YDULDEOH
WKDW KDV UHFHLYHG JUHDW SURPLQHQFH LV V\QGHVLV LH WKH TXHVWLRQ RI ZKHWKHU FODXVHV DUH OLQNHG E\
Dை[HV LQGHSHQGHQW FRƎXQFWLRQV DQGRU E\ LQWRQDWLRQDO PHDQV 7KLV LV FOHDUO\ DQ LPSRUWDQW LVVXH
EXWLWGHULYHVE\DQGODUJHিRPWKHJHQHUDOPRUSKRORJLFDODQGSKRQRORJLFDOVWUXFWXUHRIWKHODQJXDJH
DQG LV SHUKDSV QRW DV UHOHYDQW WR V\QWDFWLF LVVXHV DV KDV WUDGLWLRQDOO\ EHHQ DVVXPHG
$Q LPSRUWDQW FODVV RI YDULDEOHV UHODWHV WR LVVXHV RI FURVVFODXVDO FRUHIHUHQFH 7KLV LQFOXGHV
FRQVWUDLQWV RQ EDFNZDUG DQDSKRUD ZKLFK KDV RীHQ EHHQ WDNHQ WR EH GLDJQRVWLF RI FODXVH OLQNDJH
W\SHV FRQWURO DQG UDLVLQJ SDWWHUQV ZKLFK LV FULWLFDO LQ GLVWLQJXLVKLQJ YDULRXV FRPSOHPHQW FODXVH
W\SHV DQG WKH SUHVHQFH RI UHIHUHQFHWUDFNLQJ GHYLFHV VXFK DV VZLWFKUHIHUHQFH PRUSKRORJ\ FURVV
FODXVDO UHேH[LYL]DWLRQ RU ORJRSKRULF SURQRXQV $ VXUYH\ RI WKH UHOHYDQW YDULDEOHV ZRXOG WDNH XV IDU
EH\RQG ZKDW FDQ EH FRYHUHG LQ WKLV FKDSWHU
$QRWKHU LVVXH WKDW JRHV EH\RQG WKH VFRSH RI WKLV VXUYH\ LV WKH QDWXUH RI WKH LQWHUSURSRVLWLRQDO
UHODWLRQ WKDW LV UHDOL]HG E\ D FODXVH OLQNDJH FRQVWUXFWLRQ 'HYHORSLQJ YDULDEOHV IRU WKLV LV D WDOO
RUGHU EHFDXVH HVSHFLDOO\ WHPSRUDO UHODWLRQVKLSV DUH WLJKWO\ FRQQHFWHG ZLWK WKH DVSHFWXDO V\VWHP RI D




PRUH VLPLODU WR HDFK RWKHU WKDQ WR RWKHUV VR WKDW WKH\ GHெQH FURVVOLQJXLVWLF W\SH FOXVWHUV" LL
:KLFK YDULDEOHV DUH FRUUHODWHG IRUPLQJ VWDWLVWLFDO LPSOLFDWLRQDO XQLYHUVDOV" ,Q WKH IROORZLQJ ,
GLVFXVV PHWKRGV WKDW DOORZ DQVZHULQJ WKHVH TXHVWLRQV EDVHG RQ VWDQGDUGV LQ RWKHU GLVFLSOLQHV 7R
LOOXVWUDWH WKH PHWKRGV , DSSO\ WKHP WR D SLORW GDWDEDVH RI DGMRLQHG FODXVH OLQNDJH VWUXFWXUHV
 $ SLORW GDWDEDVH
, VDPSOHG ODQJXDJHV EDVHG RQ ZKDW DQDO\VHV , KDG UHDGLO\ DYDLODEOH িRP DQ HDUOLHU VXUYH\ %LFNHO
 DQG WKLV OHDGV WR D ELDV WRZDUGV (XUDVLD 3DSXD 1HZ *XLQHD DQG $িLFD 7KHUHIRUH DQ\
٧ $QRWKHU WRSLF WKDW LV LV GLைFXOW WR VXUYH\ LQ UHIHUHQFH JUDPPDUV LV YHUE JDSSLQJ LH ZKHWKHU SURYHUEV DUH DOORZHG RU
QRW DV LQ -RKQ FRRNHG GLQQHU DQG VR GLG +DUU\
5HYLVHG YHUVLRQ ઝ -DQXDU\  
UHVXOWV DUH SUHOLPLQDU\ DQG ZLOO KDYH WR EH WHVWHG DJDLQVW D ODUJHU DQG EHWWHU EDODQFHG GDWDEDVH 7KH
SLORW GDWDEDVH FRQWDLQV GDWD RQ  FRQVWUXFWLRQV িRP  ODQJXDJHV DQG FRGHV HDFK FRQVWUXFWLRQ IRU
HOHYHQ YDULDEOHV SOXV RQH YDULDEOH UHJLVWHULQJ WKH VHW RI PDUNHUV XVHG )RU HDVH RI UHIHUHQFH HDFK
FRQVWUXFWLRQ LV LGHQWLெHG E\ D VKRUW ODEHO 7KH IXOO GDWDEDVH LV UHSURGXFHG LQ WKH $SSHQGL[
:LWKLQ HDFK ODQJXDJH FRQVWUXFWLRQV DUH GL௅HUHQWLDWHG E\ XQLTXH FRPELQDWLRQV RI PDUNHUV DQG
WKH OHYHOV DFURVV DOO YDULDEOHV 7KH VHW RI YDULDEOHV ODUJHO\ IROORZV WKH GLVFXVVLRQ LQ 6HFWLRQ  EXW ,
H[FOXGH QHJDWLRQ VFRSH EHFDXVH UHOHYDQW GDWD ZDV QRW DYDLODEOH ZLWK VXைFLHQW DQDO\VLV , DOVR XVH D
VLPSOLெHG YHUVLRQ RI WKH ெQLWHQHVV YDULDEOH 7KH IROORZLQJ GHெQLWLRQV RI OHYHOV ZHUH DSSOLHG OLVWLQJ
RQO\ OHYHOV WKDW DUH DFWXDOO\ DWWHVWHG LQ WKH GDWDEDVH
,//VFRSH 7KH VFRSH RI LOORFXWLRQDU\ RSHUDWRUV LQ WKH PDLQ FODXVH LV
ஃஏஎஊகஎஃஔ H[WHQGV WR WKH PDLQ FODXVH DQG WKH GHSHQGHQW FODXVH
஄உஓஊகஎஃஔ H[WHQGV WR HLWKHU WKH PDLQ RU WKH GHSHQGHQW FODXVH EXW QHYHU WR ERWK
஌ஏஃ஁஌ LV OLPLWHG WR WKH PDLQ FODXVH
அ஘ஔஅஎஓஉஂ஌அ H[WHQGV WR HLWKHU WKH PDLQ FODXVH DORQH RU WR ERWK WKH PDLQ FODXVH DQG WKH
GHSHQGHQW FODXVH EXW QHYHU WR WKH GHSHQGHQW FODXVH DORQH
ஃஏஎஓஔஒ஁உஎஔஆஒஅஅ LV QRW UHJXODWHG E\ WKH FODXVH OLQNDJH W\SH
7VFRSH 7KH VFRSH RI WHQVH RU VWDWXV RSHUDWRUV LQ WKH PDLQ FODXVH LV
ஃஏஎஊகஎஃஔ H[WHQGV WR WKH PDLQ FODXVH DQG WKH GHSHQGHQW FODXVH
஌ஏஃ஁஌ LV OLPLWHG WR WKH PDLQ FODXVH
அ஘ஔஅஎஓஉஂ஌அ H[WHQGV WR HLWKHU WKH PDLQ FODXVH DORQH RU WR ERWK WKH PDLQ FODXVH DQG WKH
GHSHQGHQW FODXVH EXW QHYHU WR WKH GHSHQGHQW FODXVH DORQH
)LQLWHQHVV 7KH GHSHQGHQW FODXVH LV KHDGHG E\ D YHUE IRUP WKDW LV
ஆஉஎஉஔஅ DW OHDVW DV PDQ\ FDWHJRULHV PXVW EH PDUNHG DV LQ PDLQ FODXVHV
எஏஎஆஉஎஉஔஅ RQO\ IHZHU FDWHJRULHV DUH DOORZHG
஁எங HLWKHU WKH VDPH UDQJH RU OHVV FDWHJRULHV FDQ EH PDUNHG
,//PDUN 0DUNLQJ RI LOORFXWLRQDU\ IRUFH RSHUDWRUV LQ WKH GHSHQGHQW FODXVH LV
ஏ஋ DOORZHG
ஂ஁எஎஅ஄ QRW DOORZHG
ஈ஁ஒ஍ஏஎஉஃ DOORZHG EXW RQO\ LI LW PDWFKHV WKH PDUNLQJ RQ WKH PDLQ FODXVH
7PDUN 0DUNLQJ RI WHQVH RU VWDWXV RSHUDWRUV LQ WKH GHSHQGHQW FODXVH LV
ஏ஋ DOORZHG
ஂ஁எஎஅ஄ QRW DOORZHG
ஈ஁ஒ஍ஏஎஉஃ DOORZHG EXW VXEMHFW WR FRQVWUDLQWV EDVHG RQ WKH WHQVH RU VWDWXV FKRLFH LQ WKH
PDLQ FODXVH
6\PPHWU\ 7KH UDQJH RI FDWHJRULHV WKDW FDQ EH H[SUHVVHG RQ OLQNHG FODXVHV LV
ஓங஍஍அஔஒஉஃ஁஌ PXVW PDWFK
஁ஓங஍஍அஔஒஉஃ஁஌ FDQ EH GL௅HUHQW
ஆஒஅஅ FDQ EH GL௅HUHQW DQG FDQ HYHQ LQFOXGH HOHPHQWV RI GL௅HUHQW W\SH GL௅HUHQW SDUWV RI
VSHHFK FODXVHV DQG 13V HWF
:+ 4XHVWLRQ ZRUGV DQG FRQVWLWXHQW IRFXV LQVLGH GHSHQGHQW FODXVHV DUH
ஏ஋ DOORZHG
ஂ஁எஎஅ஄ QRW DOORZHG
([WUDFWLRQ ([WUDFWLRQ RI HOHPHQWV RI GHSHQGHQW FODXVHV LV
5HYLVHG YHUVLRQ ઝ -DQXDU\  
ஏ஋ DOORZHG
ஂ஁எஎஅ஄ QRW DOORZHG
)2& )RFXV PDUNLQJ RQ GHSHQGHQW FODXVHV LV
ஏ஋ DOORZHG
ஂ஁எஎஅ஄ QRW DOORZHG
3RVLWLRQ 7KH SRVLWLRQ RI WKH GHSHQGHQW FODXVH YLV¢YLV WKH PDLQ FODXVH ZLWK ZKLFK LW HQWHUV D
GHSHQGHQF\ UHODWLRQ LV
ஆஉ஘அ஄ஐஏஓஔ஍஁உஎ LV ெ[HG DQG LV DOZD\V DীHU WKH PDLQ FODXVH
ஆஉ஘அ஄ஐஒஅ஍஁உஎ LV ெ[HG DQG LV DOZD\V EHIRUH WKH PDLQ FODXVH
ஆ஌அ஘உஂ஌அ஁஄ஊ஁ஃஅஎஔ FDQ EH EHIRUH RU DীHU WKH PDLQ FODXVH EXW PXVW EH DGMDFHQW WR LW
ஆ஌அ஘உஂ஌அஒஅ஌஁ஔஉஏஎ஁஌ FDQ EH EHIRUH RU DীHU WKH PDLQ FODXVH DQG FDQ EH VHSDUDWHG িRP WKH
PDLQ FODXVH E\ RWKHU GHSHQGHQW FODXVHV
/D\HU 7KH GHSHQGHQW FODXVH DGMRLQV
஁஄9 WR WKH SUHGLFDWH DQG FDQ EH FHQWHUHPEHGGHG
஁஄6 WR WKH FODXVH DQG FDQQRW EH FHQWHUHPEHGGHG
஄அஔ஁ஃஈஅ஄ WR WKH FODXVH EXW LV VHSDUDWHG V\QWDFWLFDOO\ DQG LQWRQDWLRQDOO\
)RU FXUUHQW SXUSRVHV , WUHDW DOO WKHVH YDULDEOHV DV XQVWUXFWXUHG PXOWLQRPLDO YDULDEOHV 7KLV LV
D VLPSOLெFDWLRQ VLQFH LQ VRPH FDVHV WKHUH PD\ EH DQ XQGHUO\LQJ VWUXFWXUH إ IRU H[DPSOH ةORFDOت
DQG ةH[WHQVLEOHت VFRSH DUH DUJXDEO\ PRUH VLPLODU WR HDFK RWKHU WKDQ HLWKHU LV WR ةGLVMXQFWت RU ةFRQ
MXQFWت VFRSH RU WKH OHYHOV ةEDQQHGت ةKDUPRQLFت DQG ةRNت FRXOG EH PRGHOHG LQ WHUPV RI GHJUHHV RI
UHVWULFWLYHQHVV LH DV D UDQN YDULDEOH{٠ , OHDYH H[SORUDWLRQ RI VXFK SRVVLELOLWLHV WR IXWXUH UHVHDUFK
 3URWRW\SHV DQG 6FDOHV
$ NH\ TXHVWLRQ LV WR ZKDW H[WHQW WKHUH DUH FURVVOLQJXLVWLF FOXVWHUV RU ةSURWRW\SHVت RI FODXVH OLQNDJH
SDWWHUQV إ WKDW LV W\SHV RI VWUXFWXUHV WR ZKLFK ODQJXDJHVSHFLெF FRQVWUXFWLRQV EHDU VLPLODULW\ WR
D TXDQWLெDEOH GHJUHH 7R ெQG RXW ZH QHHG PHWKRGV IRU PHDVXULQJ VLPLODULW\ EHWZHHQ LQGLYLGXDO
FRQVWUXFWLRQV DQG IRU DJJUHJDWLQJ WKH VLPLODULWLHV RI DOO FRQVWUXFWLRQV DW RQFH
 0HWKRGV
$ VWDQGDUG PHDVXUH RI VLPLODULW\ XVHG LQ PDQ\ ெHOGV LV WKH LQYHUVH UHODWLYH +DPPLQJ GLVWDQFH DOVR
NQRZQ DV WKH *RZHU FRHைFLHQW VHH .DXIPDQ 	 5RXVVHHXZ  WKH GLVWDQFH RU GLVVLPLODULW\
EHWZHHQ WZR FRQVWUXFWLRQV LV HTXDO WR WKH SURSRUWLRQ RI GL௅HUHQW OHYHOV LQ DOO QRQHPSW\ YDULDEOHV
)RU H[DPSOH DFFRUGLQJ WKH SLORW GDWDEDVH LQ WKH $SSHQGL[ WKH GL௅HUHQFH EHWZHHQ WKH $PHOH ةEXWت
FRQVWUXFWLRQ DQG ةFKDLQتFRQVWUXFWLRQ LV     VLQFH WKHUH DUH HLJKW QRQHPSW\ QRQ1$ YDUL
DEOHV DQG ெYH RI WKHP KDYH GL௅HUHQW OHYHOV 7KH GLVWDQFH EHWZHHQ WKH $PHOH ةEXWتFRQVWUXFWLRQ
DQG WKH %HOKDUH ةDQGتFRQVWUXFWLRQ LV VPDOOHU YL]     DQG WKLV FDSWXUHV WKH LQWXLWLRQ WKDW
WKHVH FRQVWUXFWLRQV DUH UHODWLYHO\ VLPLODU WR HDFK RWKHU 6RPH VWUXFWXUHV PD\ HYHQ EH LGHQWLFDO )RU
{٠7KDQNV WR -H௅ *RRG DQG 9RONHU *DVW IRU UHPLQGLQJ PH RI WKLV
5HYLVHG YHUVLRQ ઝ -DQXDU\  
H[DPSOH িRP DOO ZH NQRZ &KDQW\DO DQG %XU¼VKDVNL ةFKDLQتFRQVWUXFWLRQV KDYH LGHQWLFDO SURSHUWLHV
LQ DOO QRQHPSW\ YDULDEOHV WKLV UHVXOWV LQ D UHODWLYH +DPPLQJ GLVWDQFH RI 
6LQFH WKH GDWDEDVH FRQWDLQV  FRQVWUXFWLRQV FRPSXWLQJ +DPPLQJ GLVWDQFHV RI DOO SDLUV RI
FRQVWUXFWLRQV UHVXOWV LQ D PDWUL[ RI
·( )
   SDLUV VLPLODU LQ NLQG WR GLVWDQFH FKDUWV IRXQG
LQ URDG PDSV H[FHSW WKDW WKHUH FDQ EH OHQJWK GLVWDQFHV 7KH FKDOOHQJH LV QRZ WR ெQG SDWWHUQV
LQ WKHVH  SDLUV E\ VHDUFKLQJ IRU FOXVWHUV RI HOHPHQWV WKDW DUH FORVHU WRJHWKHU DFURVV DOO SDLUZLVH
GLVWDQFHV{{ 2QH ZD\ RI JRLQJ DERXW WKLV LV E\ SORWWLQJ DOO GLVWDQFHV DW RQFH LQ D JUDSK +RZHYHU
GLVWDQFHV LQ D 69   69 PDWUL[ FDQ EH IDLWKIXOO\ SORWWHG RQO\ LQ GLPHQVLRQDO VSDFH ZKLFK LV QRW
YLVXDOO\ DFFHVVLEOH $OO UHGXFWLRQV WR WZR RU WKUHHGLPHQVLRQDO VSDFH DUH QRQWULYLDO DQG QHFHVVDU
LO\ LPSRVH VRPH GHJUHH RI GLVWRUWLRQ )RU H[DPSOH LI ZH KDYH WKUHH HOHPHQWV ZLWK WKH GLVWDQFHV
஄உஓஔ$%  ஄உஓஔ$&  DQG ஄உஓஔ%&  WKLV FDQ EH IDLWKIXOO\ SORWWHG LQ WZRGLPHQVLRQDO
VSDFH FI )LJXUH D ,I ZH QRZ DGG DQ HOHPHQW ' ZLWK GLVWDQFHV ஄உஓஔ$'  ஄உஓஔ%'  DQG
஄உஓஔ&'  WKLV LPPHGLDWHO\ EHFRPHV LPSRVVLEOH )RU H[DPSOH LI ZH WU\ WR UHVSHFW WKH GLVWDQFH
RI ' WR & ZKLFK LV  DQG % ZKLFK LV  ZH QHFHVVDULO\ YLRODWH WKH GLVWDQFH WR $ ZKLFK LV ۺ
2QH SRSXODU FODVV RI VROXWLRQ LQ W\SRORJ\ DQG SV\FKRORJ\ 0XOWLGLPHQVLRQDO 6FDOLQJ VHHNV D JHR
PHWULFDO DUUDQJHPHQW ZLWK DQ RSWLPDO EDODQFH EHWZHHQ PLQLPDO GLVWRUWLRQV DQG D PLQLPDO QXPEHU
RI GLPHQVLRQV 2ীHQ KRZHYHU QR JRRG EDODQFH FDQ EH IRXQG DQG DOO UHDVRQDEO\ ORZGLPHQVLRQDO























)LJXUH  5HSUHVHQWLQJ DOO SDLUZLVH GLVWDQFHV EHWZHHQ IRXU LWHPV LQ WZRGLPHQVLRQDO VSDFH
$Q DOWHUQDWLYH VROXWLRQ ZKLFK , DGRSW LQ WKH IROORZLQJ FRQVLVWV LQ VLPXOWDQHRXVO\ SORWWLQJ
FRPSHWLQJ GLVWDQFHV LQ ZKDW LV NQRZQ DV D VSOLW JUDSK %DQGHOW 	 'UHVV  7KLV LV VKRZQ LQ
)LJXUH E ZKHUH WKH OLQHV VKRZ WKH SRVVLEOH SDWKV RQH FDQ WDNH ZKLOH UHVSHFWLQJ WKH WUXH GLVWDQFHV
{{([FHSW ZKHUH QRWHG DOO FRPSXWDWLRQV KHUH DQG LQ WKH IROORZLQJ ZHUH GRQH LQ _ 5 'HYHORSPHQW &RUH 7HDP  ZLWK
WKH DGGLWLRQDO SDFNDJHV +Hmbi2` 0DHFKOHU HW DO  p+/ 0H\HU HW DO D 2Mi`QTv +DXVVHU 	 6WULPPHU
E DQG KBM2i 0H\HU HW DO E
5HYLVHG YHUVLRQ ઝ -DQXDU\  
HDFK WUXH GLVWDQFH EHWZHHQ HOHPHQWV LV WKH VXP RI WKH LQGLFDWHG URXQGHG OHQJWKV RQ WKH VKRUWHVW
FRQQHFWLQJ SDWK $V D UHVXOW WKH OHVV GLVWDQFHV LH GLVVLPLODULWLHV DUH LQ FRQேLFW WKH OHVV WKHUH
DUH VSOLWV DQG HOHPHQWV FOXVWHU LQWR FOHDU JURXSV ,I WKHUH LV PRUH FRQேLFW WKHUH DUH PRUH VSOLWV
VXFK DV WKH SDUDOOHORJUDP LQ )LJXUH E DQG WKH HYLGHQFH IRU FOXVWHUV LV ZHDNHU LQ )LJXUH E IRU
H[DPSOH WKHUH LV QR SDUWLFXODU FOXVWHU H[FHSW IRU D WUHQG WRZDUGV VHSDUDWLQJ % DQG ' িRP DOO HOVH
VLQFH ஄உஓஔ%' LV VPDOOHU WKDQ DQ\ RWKHU GLVWDQFH LQ WKH H[DPSOH 6SOLW JUDSKV RI WKLV NLQG FDQ
EH HைFLHQWO\ FRPSXWHG E\ DQ DOJRULWKP NQRZQ DV WKH 1HLJKERU1HW DOJRULWKP DQG DOO VSOLW JUDSKV
KHUH DQG LQ WKH IROORZLQJ DUH SURGXFHG ZLWK WKH SURJUDP 6SOLWV7UHH LPSOHPHQWLQJ WKLV DOJRULWKP
VHH %U\DQW 	 0RXOWRQ  +XVRQ 	 %U\DQW {t
$ JHQHUDO SUREOHP ZLWK VLPLODULW\ DQDO\VLV ZKHWKHU GRQH FRPSXWDWLRQDOO\ RU E\ KDQG LV WKDW
LW ZRUNV EHVW LI GDWD DUH FRPSOHWH ZLWK QR PLVVLQJ YDOXHV DV VRRQ DV RQH YDULDEOHV ODFNV D YDOXH
PDUNHG DV ة1$ت LQ WKH $SSHQGL[ IRU D JLYHQ FRQVWUXFWLRQ WKH FRQVWUXFWLRQ FDQ QR ORQJHU EH
FRPSDUHG WR WKHVH RWKHU FRQVWUXFWLRQV ZLWK UHJDUG WR WKLV YDULDEOH HYHQ LI WKH RWKHU FRQVWUXFWLRQV
KDYH D YDOXH $V D UHVXOW D FRQVLGHUDEOH SDUW RI WKH LQIRUPDWLRQ LQ WKH GDWDEDVH FDQQRW EH H[SORLWHG
LQ WKH DQDO\VLV 'LVVLPLODULW\ PHWKRGV DUH NQRZQ WR EH IDLUO\ UREXVW DQG QRW YHU\ VHQVLWLYH WR WKH
DPRXQW RI LQIRUPDWLRQ XVHG %XW LW LV FOHDU WKDW WKH\ FDQ RQO\ EH XVHG DV D KHXULVWLF DQG QHHG WR EH
EDFNHG XS E\ RWKHU PHWKRGV FI 6HFWLRQ ۽
 5HVXOWV
7UDGLWLRQDO FRQFHSWLRQV RI FODXVH OLQNDJH ZRXOG OHDG RQH WR H[SHFW WZR RU WKUHH FOHDUO\ GLVWLQFW
FOXVWHUV UHSUHVHQWLQJ ةFRRUGLQDWLRQت ةDGYHUELDO VXERUGLQDWLRQت DQG SRVVLEO\ ةFRVXERUGLQDWLRQت RU
ةFKDLQLQJت 7KH VSOLW JUDSK LQ )LJXUH  FDVWV GRXEW RQ WKH WKLV{u 7KHUH LV VRPH GHJUHH RI FOXVWHULQJ
RI VWUXFWXUHV LQ WKH WRS OHী UHJLRQ RI WKH JUDSK WKDW RQH PLJKW ORRVHO\ DVVRFLDWH ZLWK ةDGYHUELDO
VXERUGLQDWLRQت LQFOXGLQJ VRPH ةWRSLFت FODXVHV HJ LQ *RGL« RU 1HSDOL DV ZHOO (QJOLVK RU *HUPDQ
ةZKHQت DQG ةLIت FODXVHV ODEHOHG DV ةஓகஂت LQ WKH JUDSK DQG WKH $SSHQGL[ %XW WKLV H[FOXGHV DG9
VWUXFWXUHV ZKLFK DUH GLVVLPLODU LQ PDQ\ UHJDUGV DQG DUH WKHUHIRUH SODFHG LQ D GL௅HUHQW UHJLRQ WKH
ORZHU ULJKW
2QH FOXVWHU WKDW HPHUJHV DV VRPHZKDW PRUH SURQRXQFHG LV D JURXS RI ةDQGتOLNH VWUXFWXUHV RQ
WKH OHী VLGH RI WKH JUDSK ,QWHUHVWLQJO\ WKHVH VWUXFWXUHV VKDUH D VLJQLெFDQW SURSRUWLRQ RI SURSHUWLHV
ZLWK ةWRSLFتFRQVWUXFWLRQV LQ 7DX\D DQG DOVR ZLWK GHWDFKHG ெQLWH FODXVHV LQ *HUPDQ 0RUHRYHU WKH\
DUH FORVHU WR WKH ةZKHQت ةLIت DQG ةWRSLFت FRQVWUXFWLRQV LQ WKH WRS OHী UHJLRQ WKDQ WR WKH FKDLQLQJ
OLNH VWUXFWXUHV WKDW DUH SODFHG DW WKH RWKHU HQG RI WKH JUDSK RQ WKH ULJKW 7KH SRVLWLRQLQJ RI
ةDQGتFRQVWUXFWLRQV FORVHU WR ةWRSLFت ةZKHQت DQG ةLIت FODXVHV WKDQ WR FKDLQLQJOLNH VWUXFWXUHV VHHPV
WR EH PRVWO\ FDXVHG E\ WKH IDFW WKDW WKHVH VWUXFWXUHV DOO KDYH ேH[LEOH SRVLWLRQ V\PPHWULFDO FDWHJRU\
{t?iiT,ffrrrXbTHBibi`22XQ`;f 6SOLW JUDSKV DUH XVXDOO\ DSSOLHG WR JHQHWLF GDWD ERWK ELRORJLFDO DQG OLQJXLVWLF
'LVWDQFHV WKHQ UHSUHVHQW ODQJXDJH FKDQJH )RU DQRWKHU DSSOLFDWLRQ WR W\SRORJ\ VHH &\VRXZ 
{u7KH JUDSK IROORZV H[DFWO\ WKH VDPH SULQFLSOHV DV WKH ةWR\ت JUDSK LQ )LJXUH E EXW QRZ DSSOLHG WR WKH ZKROH GDWDVHW LQ
WKH $SSHQGL[ )RU UHDGDELOLW\ WKH QXPHULFDO GLVWDQFHV DUH OHী R௅ WKH HGJHV RI WKH JUDSK EXW WKH UHODWLYH OHQJWK RI WKH
HGJHV LV SURSRUWLRQDO WR WKHVH GLVWDQFHV



































































)LJXUH  $ 1HLJKERU1HW UHSUHVHQWDWLRQ RI FODXVH OLQNDJH SDWWHUQV EDVHG RQ WKH UHODWLYH +DPPLQJ
GLVWDQFHV EHWZHHQ WKH FRQVWUXFWLRQV LQ WKH SLORW GDWDEDVH 1RGHV UHSUHVHQW LQGLYLGXDO FRQVWUXFWLRQV
DQG DUH LGHQWLெHG E\ WKH ODQJXDJH QDPH DQG WKH FRQVWUXFWLRQDO ODEHO JLYHQ LQ WKH $SSHQGL[
PDUNLQJ DQG LQYROYH ெQLWH FODXVHV ZKHUHDV FKDLQLQJOLNH FRQVWUXFWLRQV DUH PRVWO\ QRQெQLWH DQG
DV\PPHWULFDO
7KH ULJKW VLGH RI WKH JUDSK FRQWDLQV YDULRXV FRQYHUE DQG FKDLQLQJ VWUXFWXUHV 7KH ZD\ WKHVH
DUH DUUDQJHG VXJJHVWV D SRVVLEOH FRQWLQXXP EHWZHHQ WZR VXEFOXVWHUV DUUDQJHG E\ WKH H[WHQW WR
ZKLFK LOORFXWLRQDU\ IRUFH VFRSH LV FRQVWUDLQHG WKH FOXVWHU DW WKH WRS ULJKW RI WKH JUDSK FRQWDLQV
VWUXFWXUHV ZLWK OHVV VXFK FRQVWUDLQWV HJ )RUH RU +XD GL௅HUHQW VXEMHFW FKDLQV WKDQ WKH FOXVWHU LQ
WKH PLGULJKW UHJLRQ HJ $PHOH 6ZDKLOL RU 7XUNLVK FKDLQV ,QWHUHVWLQJO\ %HOKDUH DQG :DPEXOH
FKDLQV ERWK .LUDQWL EXW QR RWKHUV DUH FORVHU WR ةDQGتFRRUGLQDWLRQ LQ OLQH ZLWK WKHLU ெQLWHQHVV
 &RUUHODWLRQV
&OXVWHUV VXFK DV WKRVH HPHUJLQJ িRP WKH VLPLODULW\ DQDO\VLV LQ WKH SUHFHGLQJ UHVXOW িRP FRYDU\LQJ
YDULDEOHV ZKHUHSDUWLFXODUOHYHOVRQRQHYDULDEOHLHVSHFLெFFRQVWUXFWLRQDOSURSHUWLHVDUHDVVRFLDWHG
ZLWK SDUWLFXODU OHYHOV RQ RWKHU YDULDEOHV ,QGHHG WUDGLWLRQDO FURVVOLQJXLVWLF QRWLRQV FDQ LQ IDFW EH
WKRXJKW RI DV SURSHUW\ EXQGOHV LQ ZKLFK SURSHUWLHV DUH VWULFWO\ FRUUHODWHG DQG IXOO\ HQWDLO HDFK
RWKHU )RU H[DPSOH D QRWLRQ OLNH ةVXERUGLQDWLRQت HQWDLOV DW OHDVW GLVMXQFW LOORFXWLRQDU\ VFRSH
WKH DYDLODELOLW\ RI UHVWULFWLYH IRFXV DQG D EDQ RQ H[WUDFWLRQ DQG TXHVWLRQ IRUPDWLRQ 7KH HYLGHQFH
GLVFXVVHG LQ 6HFWLRQ  VXJJHVWV WKDW WKH YDULDEOHV VXUYH\HG DUH DOO ORJLFDOO\ LQGHSHQGHQW RI HDFK
RWKHU 7KHUHIRUH WKHUH LV QR UHDVRQ WR H[SHFW H[FHSWLRQOHVV FRUUHODWLRQV DOVR FI /HKPDQQ 
+RZHYHU WKHUH PD\ EH VWDWLVWLFDO WUHQGV DQG LW LV VXFK WUHQGV WKDW XQGHUO\ WKH SRVVLEOH FOXVWHUV WKDW
ZH REVHUYHG LQ WKH VLPLODULW\ DQDO\VLV LQ )LJXUH  7KXV WR WKH H[WHQW WKDW WKHUH DUH SUREDELOLVWLF
5HYLVHG YHUVLRQ ઝ -DQXDU\  
FOXVWHUV EDVHG RQ VSHFLெF NLQGV RI VXERUGLQDWLRQ DQG FRRUGLQDWLRQ DV VXJJHVWHG E\ )LJXUH  ZH FDQ
H[SHFW FRUUHVSRQGLQJ FRUUHODWLRQV RI WKH SURSHUWLHV GHெQLQJ WKHVH FOXVWHUV
7KH GL௅HUHQFH EHWZHHQ WUDGLWLRQDO SURSHUW\ EXQGOHV DQG SUREDELOLVWLF FRUUHODWLRQV LV WKH VDPH DV
WKH GL௅HUHQFH EHWZHHQ DEVROXWH DQG VWDWLVWLFDO RU ةHPSLULFDOت LPSOLFDWLRQDO XQLYHUVDOV $V SURSHUW\
EXQGOHV WUDGLWLRQDO FURVVOLQJXLVWLF QRWLRQV KDYH WKH IRUP ة$   %ت ZKHUH $ DQG % DUH SURSHUWLHV
DQG WKH\ VX௅HU িRP WKH VDPH YDOLGDWLRQ SUREOHP DV DEVROXWH XQLYHUVDOV %LFNHO LQ SUHVV QR ODQ
JXDJH VDPSOH FDQ JXDUDQWHH WKDW WKH XQLYHUVDO LV ZLWKRXW H[FHSWLRQV EHFDXVH ZH FDQQRW VXUYH\ DOO
ODQJXDJHV WKDW KDYH HYHU EHHQ RU ZLOO HYHU EHHQ VSRNHQ 7KH RQO\ DYDLODEOH URXWH WR MXVWLெFDWLRQ LV
ORJLFDO GHGXFWLRQ $SSDUHQW FRXQWHUH[DPSOHV HJ FRQVWUXFWLRQV WKDW VKRZ GLVMXQFW LOORFXWLRQDU\
VFRSH EXW DOORZ TXHVWLRQV VXFK LQ $PHOH  RU %HOKDUH  WKHQ QHHG WR EH UHDQDO\]HG HJ
E\ SRVLWLQJ VXLWDEOH XQGHUO\LQJ VWUXFWXUHV ZLWK GL௅HUHQW VFRSH SURSHUWLHV RU WKH GHெQLWLRQ RI WKH
QRWLRQ WKH SURSHUW\ EXQGOH QHHGV WR EH UHYLVHG %RWK RSWLRQV EULQJ XV EDFN WR WKH GLVFXVVLRQ LQ
WKH LQWURGXFWRU\ VHFWLRQ DQG WKH SUREOHPV DVVRFLDWHG ZLWK ெQGLQJ XQLYHUVDO GHெQLWLRQV RI SURSHUW\
EXQGOHV 3UREDELOLVWLF FRUUHODWLRQV KDYH WKH VDPH VWUXFWXUH DV VWDWLVWLFDO XQLYHUVDOV DQG VR WKH\ FDQ
EH YDOLGDWHG LQ WKH VDPH ZD\ E\ VWDWLVWLFDO HYLGHQFH DQG VLJQLெFDQFH WHVWLQJ
 0HWKRGV
:LWK HOHYHQ YDULDEOHV WKHUH DUH
11·(11 1)
2   SRVVLEOH SDLUV RI YDULDEOHV *LYHQ WKHVH SRVVLELOLWLHV ZH
QHHG D KHXULVWLF WHFKQLTXH WR ெQG WKRVH SDLUV ZLWK VXEVWDQWLDO FRUUHODWLRQV 2QH PHWKRG IRU ெQGLQJ
WKHVH ZRXOG VLPSO\ FRQVLVW LQ SHUIRUPLQJ VWDWLVWLFDO WHVWV IRU HDFK SDLU RI FRUUHODWLRQV EXW WKLV OHDGV
WR ZHOOHVWDEOLVKHG SUREOHPV ZLWK VSXULRXV VXFFHVV UDWHV WKDW DULVH িRP PXOWLSOH WHVWLQJ NQRZQ
DV ةIDPLO\ZLVH HUURUVت LQ WKH VWDWLVWLFV OLWHUDWXUH $Q DOWHUQDWLYH KHXULVWLF LV EDVHG RQ LQIRUPDWLRQ
WKHRU\ DQG KDV EHHQ GHYHORSHG IRU H[SORULQJ DVVRFLDWLRQV EHWZHHQ JHQHV{٢ 7KH NH\ LGHD LV WR
HVWLPDWH ZKDW LV FDOOHG WKH PXWXDO LQIRUPDWLRQ EHWZHHQ WZR FDWHJRULFDO YDULDEOHV ZKLFK FDQ EH
LQIRUPDOO\ WKRXJKW RI DV WKH H[WHQW WR ZKLFK NQRZOHGJH RI WKH িHTXHQF\ GLVWULEXWLRQ LQ RQH YDULDEOH
LH NQRZOHGJH RI WKH DFWXDO FRXQWV RI HDFK OHYHO GHெQHG E\ WKH YDULDEOH DOORZV SUHGLFWLRQ RI WKH
িHTXHQF\ GLVWULEXWLRQ LQ WKH RWKHU YDULDEOH (VWLPDWHV RI PXWXDO LQIRUPDWLRQ FDQ EH QRUPDOL]HG
E\ WKH িHTXHQF\ GLVWULEXWLRQ LQ RQH RI WKH YDULDEOHV DQG WKLV \LHOGV DQ HVWLPDWH RI WKH H[WHQW WR
ZKLFK WKH িHTXHQF\ GLVWULEXWLRQV LQ RQH YDULDEOH FDQ EH SUHGLFWHG E\ WKH িHTXHQF\ GLVWULEXWLRQ
RI WKH RWKHU YDULDEOH 7KLV FDQ EH UHSUHVHQWHG DV  (A|B) LH WKH SUREDELOLW\ RI WKH িHTXHQF\
GLVWULEXWLRQ RI $ JLYHQ WKH িHTXHQF\ GLVWULEXWLRQ RI %  $_% FDSWXUHV WKH LQWXLWLRQ EHKLQG D
FODVVLFDO LPSOLFDWLRQDO XQLYHUVDO RI WKH IRUP ة%   $ت DQG FRQYHUVHO\  (B|A) LV WKH HTXLYDOHQW RI
ZKDW LV WUDGLWLRQDOO\ ZULWWHQ DV ة$   %ت DQG LI  (A|B) LV DERXW WKH VDPH DV  (B|A) ZH ெQG ZKDW
LV WUDGLWLRQDOO\ ZULWWHQ DV ة$   %ت{٣
{٢, DP JUDWHIXO WR .RUELQLDQ 6WULPPHU IRU GUDZLQJ P\ DWWHQWLRQ WR WKLV WHFKQLTXH DV ZHOO DV WR 0DUJROLQ HW DO  DQG
+DXVVHU 	 6WULPPHU D
{٣)RUPDOO\ WKH PXWXDO LQIRUPDWLRQ 0, RI YDULDEOHV $ DQG % LV GHெQHG LQ WHUPV RI WKH 6KDQQRQ HQWURS\ + RI $
DQG % DQG WKH HQWURS\ RI WKH MRLQW SUREDELOLW\ GLVWULEXWLRQV RI $ DQG % 0,$%   +$ + +%   +$% 7KH
SUREDELOLW\  (A|B) LV WKHQ GHெQHG DV
0,(A;B)
H(A)  7KH HQWURS\ + LWVHOI GHVFULEHV WKH H[WHQW WR ZKLFK WKH SUREDELOLWLHV
RI WKH OHYHOV RI D YDULDEOH DUH VNHZHG )RU D YDULDEOH $ ZLWK OHYHOV aL   {a...N} DQG DVVRFLDWHG OHYHO SUREDELOLWLHV pDL
5HYLVHG YHUVLRQ ઝ -DQXDU\  
:KHQ FRPSXWLQJ LPSOLFDWLRQV EHWZHHQ PDQ\ SDLUV RI YDULDEOHV LQ WKLV ZD\ RQH ULVNV GHWHFWLQJ
DUWLIDFWV FDXVHG E\ FKDLQV RI DVVRFLDWLRQV )RU H[DPSOH LI & SUHGLFWV % DQG % SUHGLFWV $ WKHQ &
SUHGLFWV $ UHGXQGDQWO\ :KDW ZH DUH LQWHUHVWHG LQ LV WKH VWURQJHVW RI WKHVH DVVRFLDWLRQV LH WKH
RQHV ZLWK WKH KLJKHVW SUREDELOLW\  (X|Y ) $ SRZHUIXO PHWKRG WR DFKLHYH WKLV LV VXJJHVWHG E\
0DUJROLQ HW DO  IRU ELRLQIRUPDWLF SXUSRVHV DQG FRQVLVWV LQ UHPRYLQJ DOO LPSOLFDWLRQV ZLWK WKH
ORZHVW YDOXHV RQ  (X|Y ) JLYHQ DQ DVVRFLDWLRQ RI ; DQG < YLD VRPH RWKHU WHUP $VVXPH WKDW WKH
LPSOLFDWLRQ Bb   A LV DVVRFLDWHG ZLWK  (A|B) DQG WKDW IRU WKH LPSOLFDWLRQV C   A DQG C   B
ZH REVHUYH WKDW  (A|C) <  (B|C) 7KHQ C   A LV DQ DUWLIDFW RI WKH VWURQJHU LPSOLFDWLRQV DQG






2QFH LPSOLFDWLRQV DQG WKHLU VWUHQJWKV DUH HVWDEOLVKHG WKH TXHVWLRQ DULVHV DV WR ZKLFK SDUWLFXODU
OHYHOV FDXVH WKHP 7KH PXWXDO LQIRUPDWLRQ PHWKRG RQO\ VKRZV ZKLFK YDULDEOHV DUH OLNHO\ WR EH
FRUUHODWHG HJ ة,//VFRSH   :+ت EXW IRU DQDO\]LQJ FOXVWHUV LW LV PRUH LPSRUWDQW WR NQRZ ZKLFK
H[DFW OHYHOV SURSHUWLHV DUH EHKLQG WKLV HJ ةORFDO LOORFXWLRQDU\ VFRSH   TXHVWLRQ ZRUGV EDQQHGت
$ VWDQGDUG VROXWLRQ UHVWV RQ WKH DQDO\VLV RI WKH 3HDUVRQ UHVLGXDOV RI HDFK FHOO LQ D FRQWLQJHQF\
WDEOH GHெQHG E\ WKH YDULDEOHV RI LQWHUHVW HJ WKH FHOO DW WKH LQWHUVHFWLRQ RI ةORFDOت DQG ةRNت LQ D
FRQWLQJHQF\ WDEOH GHெQHG E\ WKH YDULDEOHV ة,//VFRSHت DQG ة:+ت ,QIRUPDOO\ WKH 3HDUVRQ UHVLGXDO
GHVFULEHV WKH H[WHQW WR ZKLFK WKH REVHUYHG িHTXHQF\ RI D JLYHQ FHOO LQ D FRQWLQJHQF\ WDEOH GHYLDWHV
SRVLWLYHO\ RU QHJDWLYHO\ িRP ZKDW FDQ EH H[SHFWHG XQGHU WKH QXOO K\SRWKHVLV RI QR DVVRFLDWLRQ
LH ZKDW RQH ZRXOG H[SHFW LQ WKLV FHOO LI WKH SURSRUWLRQV RI OHYHO FRXQWV ZHUH FRQVWDQW DFURVV URZV
DQG FROXPQV HJ VR WKDW WKH RYHUDOO  YV  SURSRUWLRQ RI EDQQHG YV DOORZHG TXHVWLRQ ZRUGV LQ
WKH GDWD LV WKH VDPH IRU DOO OHYHOV RI WKH ة,//VFRSHت YDULDEOH LH IRU ORFDO VFRSH LQ WKH VDPH ZD\
DV IRU FRƎXQFW VFRSH DQG DOO RWKHUV{٤ $GRSWLQJ PHWKRGV GHYHORSHG E\ =HLOHLV HW DO  DQG
0H\HU HW DO  , XVH D SHUPXWDWLRQ WHVW WR HVWDEOLVK ZKLFK UHVLGXDOV H[FHHG ZKDW RQH ZRXOG ெQG
XQGHU UDQGRP UHVKX௉LQJ RI FHOO FRXQWV ,I RQH ெQGV WKH REVHUYHG UHVLGXDOV LQ OHVV WKDQ  RU 
UHVKX௉LQJV WKH\ SRLQW WR VWDWLVWLFDOO\ VLJQLெFDQW DVVRFLDWLRQV RI VSHFLெF OHYHOV DW ZKDW LV FDOOHG D
 RU  VLJQLெFDQFH OHYHO 1RWH WKDW LW LV SRVVLEOH WKDW ZKLOH WKH RYHUDOO WDEOH VKRZV D VLJQLெFDQW
DVVRFLDWLRQ EHFDXVH WKH WRWDO VXP RI UHVLGXDOV LV KLJK QR LQGLYLGXDO UHVLGXDO PD\ EH VLJQLெFDQW RU
VHYHUDO RU DOO DUH VLJQLெFDQW EHFDXVH WKH UHVLGXDOV VSUHDG XQLIRUPO\ RYHU WKH FHOOV ,Q WKLV FDVH LW
H(A)= 
 
pDL ORJ(pDL) +$ LV ]HUR LI WKHUH LV D WRWDO ELDV WRZDUGV D VLQJOH OHYHO HJ ZLWK pD  pD  DQG
pD  LW UHDFKHV LWV PD[LPXP LQ XQLIRUP GLVWULEXWLRQV HJ ZLWK pD  pD  DQG pD ۼ 7KH HQWURS\ RI WKH
MRLQW SUREDELOLW\ GLVWULEXWLRQ RI $ DQG % LV H(A,B)= 
 
pDL,EL ORJ(pDL,EL) 7KH SUREDELOLWLHV pDL DQG pDL,EL FDQ EH
HVWLPDWHG E\ WKH UHODWLYH OHYHO FRXQWV pD =
N(a)
N(a...N) HWF LQ WKH GDWDEDVH EXW WKLV PHWKRG WKH ة0D[LPXP /LNHOLKRRGت
PHWKRG LV NQRZQ WR EH XQUHOLDEOH ZKHQ LQGLYLGXDO OHYHO িHTXHQFLHV DUH UHODWLYHO\ ORZ DV LV RীHQ WKH FDVH LQ W\SRORJLFDO
GDWD ZLWK VPDOO VDPSOH VL]H $OWHUQDWLYH PHWKRGV DUH GLVFXVVHG E\ +DXVVHU 	 6WULPPHU D DQG LQ WKLV SDSHU , XVH
WKH -DPHV6WHLQW\SH HVWLPDWRU GHYHORSHG WKHUH DQG LPSOHPHQWHG LQ WKH _ SDFNDJH 2Mi`QTv
{٤)RUPDOO\ WKH 3HDUVRQ UHVLGXDO LV WKH UHODWLYH FRQWULEXWLRQ RI D FHOO LQ D FRQWLQJHQF\ WDEOH WR WKH  
 VXP RI WKH WDEOH DQG
LV GHெQHG DV
n ˆ µ  
ˆ µ  ZKHUH n LV WKH REVHUYHG FRXQW DQG ˆ µ WKH H[SHFWHG FRXQW
5HYLVHG YHUVLRQ ઝ -DQXDU\  
LV LPSRVVLEOH WR HVWDEOLVK ZKLFK VSHFLெF SURSHUWLHV DUH UHVSRQVLEOH IRU WKH RYHUDOO FRUUHODWLRQ ZLWKRXW
































D ,//PDUN   H[WUDFWLRQ


























E ,//VFRSH   :+
)LJXUH  5HVLGXDO DQDO\VLV ER[ KHLJKWV DUH SURSRUWLRQDO WR WKH UHVLGXDOV DQG ER[ ZLGWK WR WKH
QXPEHU RI GDWDSRLQWV WKH GLUHFWLRQ RI ER[HV িRP WKH EDVHOLQH VLJQDOV WKHLU VLJQ UDLVLQJ ER[HV IRU
SRVLWLYH IDOOLQJ ER[HV IRU QHJDWLYH UHVLGXDOV DQG VKDGLQJ LQGLFDWHV WKDW UHVLGXDOV DUH LQGLYLGXDOO\
VLJQLெFDQW XQGHU D SHUPXWDWLRQ WHVW ZLWK OLJKW JUH\ DW D  DQG GDUN JUH\ DW D  VLJQLெFDQFH OHYHO
VHH 0H\HU HW DO  7KH RUGHU RI OHYHOV LQ WKH SORW LV DUELWUDU\ DOSKDEHWLFDO
7KH SORWV LQ )LJXUH  LOOXVWUDWH WKH PHWKRG IRU WZR RI WKH LPSOLFDWLRQV IRXQG ة,//PDUN  
H[WUDFWLRQت DQG ة,//VFRSHb  :+ت )LJXUH D VXJJHVWV WKDW LI D FRQVWUXFWLRQ DOORZV LOORFXWLRQDU\
PDUNLQJ RQ GHSHQGHQW FODXVHV RQO\ LI WKH PDUNLQJ PDWFKHV WKDW LQ WKH PDLQ FODXVH ةKDUPRQLF ,//
PDUNت WKHQ LW LV OLNHO\ DW D  VLJQLெFDQFH OHYHO GDUN VKDGLQJ WKDW FRQVWLWXHQWV FDQ EH H[WUDFWHG
,Q RWKHU ZRUGV H[WUDFWLQJ FRQVWLWXHQWV LV VLJQLெFDQWO\ IDFLOLWDWHG E\ KDUPRQLF LOORFXWLRQDU\ IRUFH
PDUNLQJ 6WUXFWXUHV LOOXVWUDWLQJ WKLV LQFOXGH (QJOLVK ةJR DQGتFRQVWUXFWLRQV ZKHUH H[WUDFWLRQ LV
SRVVLEOH DQG ZKLFK DOORZ VD\ LPSHUDWLYHV LI WKH\ DSSO\ WR ERWK FRƎXQFWV FI WKH EHHU , ZHQW WR WKH
VWRUH DQG ERXJKW DQG *R DQG EX\ EHHU 6WDVVHQ  /DNR௅  $QRWKHU H[DPSOH LV %HOKDUH
NLFRQVWUXFWLRQV FI  IRU LOORFXWLRQDU\ KDUPRQ\ DQG D IRU H[WUDFWLRQ ,Q )LJXUH DQ R
RWKHU UHVLGXDOV DUH VLJQLெFDQW )LJXUH E VKRZV WKUHH VLJQLெFDQW DVVRFLDWLRQV )LUVW WKHUH LV D
KLJKO\ VLJQLெFDQW DVVRFLDWLRQ DW D  VLJQLெFDQFH OHYHO GDUN VKDGLQJ EHWZHHQ ORFDO LOORFXWLRQDU\
VFRSH DQG D EDQ RQ FRQVWLWXHQW TXHVWLRQ IRUPDWLRQ LH TXHVWLRQ IRUPDWLRQ LV EDQQHG PRUH RীHQ
ZKHQ VFRSH LV ORFDO WKDQ ZKHQ LW LV FRƎXQFW H[WHQVLEOH RU FRQVWUDLQWিHH 7KH VDPH WUHQG FDQ EH
REVHUYHG LI VFRSH LV GLVMXQFW DOWKRXJK QRW VWDWLVWLFDOO\ VLJQLெFDQW RQ LWV RZQ WKH SRVLWLYH UHVLGXDOV
VXJJHVW WKDW VWUXFWXUHV ZLWK GLVMXQFW VFRSH DSSHDU WR EDQ TXHVWLRQ IRUPDWLRQ PRUH RীHQ WKDQ ZKDW
RQH ZRXOG H[SHFW XQGHU WKH QXOO K\SRWKHVLV RI QR DVVRFLDWLRQ 6HFRQG FRQVWUDLQWিHH VFRSH LV
QHJDWLYHO\ DVVRFLDWHG ZLWK D EDQ RQ TXHVWLRQ IRUPDWLRQ LH LI WKHUH LV QR FRQVWUDLQW RQ LOORFXWLRQDU\
5HYLVHG YHUVLRQ ઝ -DQXDU\  
VFRSH LW LV XQOLNHO\ WKDW TXHVWLRQ IRUPDWLRQ LV EDQQHG DV LV WKH FDVH IRU H[DPSOH LQ %HOKDUH NL
FRQVWUXFWLRQ DV VKRZQ E\ E\  DQG  7KLV LV PLUURUHG LQ WKH WKLUG DVVRFLDWLRQ ZKLFK LV WKH
SRVLWLYH DVVRFLDWLRQ EHWZHHQ FRQVWUDLQWিHH VFRSH DQG DOORZHG TXHVWLRQ IRUPDWLRQ 7KLV DVVRFLDWLRQ
LV LQGLYLGXDOO\ VLJQLெFDQW RQO\ DW D ORZHU  VLJQLெFDQFH OHYHO OLJKW VKDGLQJ ZKLFK VXJJHVWV WKDW
WKHUH LV VRPHZKDW OHVV HYLGHQFH IRU FODXVH OLQNDJH ZLWK FRQVWUDLQWিHH VFRSH H[SOLFLWO\ DOORZLQJ
TXHVWLRQ ZRUGV WKDQ WKHUH LV HYLGHQFH IRU WKH ெQGLQJ WKDW WKLV W\SH RI FODXVH OLQNDJH WHQGV WR ODFN
DQ H[SOLFLW EDQ RQ TXHVWLRQ ZRUGV{٥
 5HVXOWV
7DEOH  VXPPDUL]HV WKH ெQGLQJV RQ DOO FRUUHODWLRQV ZKLFK KDYH DQ 0,EDVHG SUREDELOLW\  (X|Y )
WKDWLVQRWVHWWR]HURDীHUUHPRYLQJDOODUWLIDFWV :KHUHWKHUHLVHYLGHQFHিRPXQHTXDOSUREDELOLWLHV
WKH LPSOLFDWLRQV DUH IRUPXODWHG LQ D GLUHFWHG ZD\ ة ت ZKHUH WKH SUREDELOLWLHV DUH LGHQWLFDO RU QHDU
LGHQWLFDO WKH FRUUHODWLRQV DUH IRUPXODWHG DV WZRZD\ LPSOLFDWLRQV ة ت 7KH WDEOH DOVR UHSRUWV WKH
UHVXOWV িRP WKH UHVLGXDO DQDO\VLV ZKHUH ة
ت LQGLFDWHV VLJQLெFDQFH DW D  DQG ة

ت DW D  OHYHO
1R HQWU\ PHDQV WKDW QRQH RI WKH UHVLGXDOV ZDV VLJQLெFDQW LH WKH SLORW GDWDEDVH GRHV QRW DOORZ
LGHQWLূLQJ ZKLFK VSHFLெF SURSHUWLHV DUH UHVSRQVLEOH IRU WKH RYHUDOO DVVRFLDWLRQ RI WKH YDULDEOHV
,Q WKRVH FDVHV ZKHUH DQ DGGLWLRQDO EXW QRQVLJQLெFDQW WUHQG LQ WKH VDPH GLUHFWLRQ DV WKDW RI D
VLJQLெFDQW DVVRFLDWLRQ FDQ EH GLVFHUQHG DV ZDV WKH FDVH ZLWK GLVMXQFW VFRSH LQ )LJXUH E WKLV LV
DGGHG LQ EUDFNHWV
0RVW RI WKH ெQGLQJV LQ 7DEOH  UHFHLYH VWUDLJKWIRUZDUG WKHRUHWLFDO LQWHUSUHWDWLRQV DQG DUH JRRG
FDQGLGDWHV IRU JHQXLQH XQLYHUVDOV WKDW GHVHUYH WHVWLQJ DJDLQVW ODUJHU DQG OHVV ELDVHG GDWDVHWV
2QH VHW RI DVVRFLDWLRQV FRQFHUQV VFRSH DQG PDUNLQJ SRVVLELOLWLHV )LUVW WKHUH DUH GLUHFW OLQNV EH
WZHHQ WKHVH WZR SURSHUWLHV ,//VFRSH   ,//PDUNLQJ FRƎXQFW 7VFRSH   EDQQHG 7PDUNLQJ
ORFDO RU H[WHQVLEOH 7VFRSH   DOORZHG 7PDUNLQJ $OWKRXJK WKHVH OLQNV DUH QRW ORJLFDOO\ QHFHVVDU\
PDQ\ ODQJXDJHV VHHP WR FRQYHQWLRQDOL]H WKH SUDJPDWLF SULQFLSOH WKDW D FDWHJRU\ YDOXH LV PDLQWDLQHG
DV ORQJ DV WKHUH LV QR H[SOLFLW PDUNLQJ DJDLQVW WKLV DQG YLFHYHUVD WKDW WKH H[SOLFLW PDUNLQJ RI
D FDWHJRU\ EORFNV WKH VFRSH RI RWKHU PDUNHUV RI WKH VDPH FDWHJRU\ 6XSSRUWLQJ HYLGHQFH IRU WKLV
FRPHV িRP WKH DVVRFLDWLRQ RI FRƎXQFW WHQVH RU VWDWXV VFRSH ZLWK DG9 EXW QRW DG6 VWUXFWXUHV
FRƎXQFW 7VFRSH   DG9 DG9 VWUXFWXUHV DUH RীHQ FHQWHUHPEHGGHG ZLWKLQ WKH PDLQ FODXVH DQG
WKXV D FDWHJRU\ YDOXH QHHGV WR EH PDLQWDLQHG RQO\ IRU D VKRUWHU WLPH LQ SURFHVVLQJ WKDQ LQ DG6
VWUXFWXUHV ZKLFK FDQQRW EH FHQWHUHPEHGGHG E\ GHெQLWLRQ
7PDUNLQJ EXW QRW ,//PDUNLQJ SRVVLELOLWLHV DUH DOVR DVVRFLDWHG ZLWK ெQLWHQHVV EDQQHG 7
PDUNLQJ   QRQெQLWH িHHO\ RU KDUPRQLFDOO\ DOORZHG 7PDUNLQJ   ெQLWH 7KLV PD\ UHேHFW D
XQLYHUVDO WUHQG WR WKH H௅HFW WKDW WHQVH DQG VWDWXV KDYH D KLJKHU SUREDELOLW\ RI EHLQJ UHDOL]HG WKURXJK
YHUE PRUSKRORJ\ WKDQ LOORFXWLRQDU\ IRUFH ZKLFK LV PRUH FRPPRQO\ UHDOL]HG WKURXJK FOLWLFV DQG
SDUWLFOHV RQ WKH VHQWHQFH OHYHO :KLOH PDQ\ WKHRULHV DVVXPH WKDW LOORFXWLRQDU\ IRUFH LV RQ D PRUH
H[WHUQDO SHULSKHUDO V\QWDFWLF ةVKHOOت WKDQ WHQVH DQG VWDWXV HJ )ROH\ 	 9DQ 9DOLQ  9DQ 9DOLQ
{٥7KLV UHேHFWV D IXQGDPHQWDO GHVFULSWLYH SUREOHP LI WKHUH DUH QR FRQVWUDLQW RQ TXHVWLRQ IRUPDWLRQ LQ D ODQJXDJH OLQJXLVWV
DUH QDWXUDOO\ WHPSWHG QRW WR GLVFXVV TXHVWLRQ IRUPDWLRQ DW DOO LQ WKDW ODQJXDJH ؤ EXW WKHQ ZH GRQتW NQRZ ZKHWKHU
TXHVWLRQ IRUPDWLRQ LV DOORZHG RU VLPSO\ QRW VWXGLHG
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,PSOLFDWLRQ ˆ  (X|Y )ˆ  (Y |X) 6WDWLVWLFDOO\VLJQLࢣFDQWDVVRFLDWLRQVRISURSHUWLHV
,//VFRSH   ,//PDUN  
,//VFRSH   :+   ORFDO RU GLVMXQFW   EDQQHG


FRQVWUDLQWিHH   RN

,//VFRSH   )2&  
,//VFRSH   SRVLWLRQ   FRQVWUDLQWিHH   ேH[LEOHDGMDFHQW


GLVMXQFW   ேH[LEOHUHODWLRQDO


7VFRSH   7PDUN   FRƎXQFW   EDQQHG


ORFDO H[WHQVLEOH  RN


7VFRSH   V\PPHWU\   ORFDO   V\PPHWULFDO RU FRQVWUDLQWিHH


H[WHQVLEOH   FRQVWUDLQWিHH

7VFRSH   )2&  
7VFRSH   OD\HU   FRƎXQFW   DG9

,//PDUN   H[WUDFWLRQ   KDUPRQLF   SRVVLEOH


7PDUN   ெQLWHQHVV   EDQQHG   QRQெQLWH

RN RU KDUPRQLF   ெQLWH

V\PPHWU\   ெQLWHQHVV   FRQVWUDLQWিHH   DQ\ RU ெQLWH

V\PPHWULFDO   ெQLWH


V\PPHWU\   ,//PDUN   V\PPHWULFDO   RN RU KDUPRQLF

SRVLWLRQ   OD\HU  
7DEOH ,PSOLFDWLRQVGHWHFWHGE\DQDO\VLVRIWKHUHODWLYHPXWXDOLQIRUPDWLRQEHWZHHQYDULDEOHV
LQ WKH SLORW GDWDEDVH VHH $SSHQGL[ DQG E\ SHUPXWDWLRQ WHVWV RI WKH 3HDUVRQ UHVLGXDOV
 WKHUH LV LQ IDFW QR FOHDU PRWLYDWLRQ IRU WKLV EHFDXVH MXVW OLNH LOORFXWLRQDU\ IRUFH WHQVH DQG
VWDWXV DUH SURSHUWLHV RI HQWLUH SURSRVLWLRQV RU HYHQ HQWLUH WH[WV DQG WKHUH LV QR VHQVH LQ ZKLFK WKH\
DUH SURSHUWLHV RI SUHGLFDWHV 3HUKDSV WKLV DQ DUELWUDU\ IDFW RI RXU ODQJXDJH IDFXOW\ EXW DW DQ\ UDWH
WKH LVVXH FDOOV IRU IXUWKHU UHVHDUFK LI WKH WUHQG REVHUYHG KHUH LV UREXVW
0DUNLQJ SRVVLELOLWLHV DQG ெQLWHQHVV DUH IXUWKHUPRUH FRQQHFWHG ZLWK UHJDUG WR V\PPHWU\ LI D
FODXVH OLQNDJH W\SH UHTXLUHV WKH VDPH DPRXQW RI PDUNLQJ WKLV LQYROYHV W\SLFDOO\ ெQLWH VWUXFWXUHV DQG
DOORZV LQGHSHQGHQW RU KDUPRQLF ,//PDUNLQJ DQG YLFHYHUVD V\PPHWULFDO   ெQLWH V\PPHWULFDO
  িHHO\ RU KDUPRQLFDOO\ DOORZHG ,//PDUNLQJ ,I D FODXVH OLQNDJH W\SH GRHV QRW VHOHFW D VSHFLெF
W\SH RI GHSHQGHQW HJ DOORZV 13V DV PXFK DV FODXVHV LW LPSRVHV QR FRQVWUDLQWV RQ WKH NLQG RI
PRUSKRORJ\ HJ ெQLWH ZKHQ WKH GHSHQGHQW LV D FODXVH FRQVWUDLQWিHH V\PPHWU\   ةDQ\ت RU ெQLWH
6FRSH SURSHUWLHV RI LOORFXWLRQDU\ IRUFH DUH PRUHRYHU OLQNHG WR TXHVWLRQ IRUPDWLRQ ORFDO RU
GLVMXQFW ,//VFRSH   EDQQHG TXHVWLRQ IRUPDWLRQ FRQVWUDLQWিHH ,//VFRSH   DOORZHG TXHV
WLRQ IRUPDWLRQ 6WUXFWXUHV ZLWK ORFDO ,//VFRSH RীHQ VHHP WR EORFN GHSHQGHQW FODXVHV িRP DQ\
PRGXODWLRQ RI LOORFXWLRQDU\ IRUFH DVVLPLODWLQJ WKHP WR SUHVXSSRVHG ةWDNHQ IRU JUDQWHGت WRSLF H[
SUHVVLRQV DV )ROH\  KDV QRWHG IRU 3DSXDQ ODQJXDJHV ,Q WXUQ WKH ேH[LEOH NLQG RI LOORFXWLRQDU\
VFRSH EHKDYLRU IRXQG LQ FKDLQLQJOLNH FRQVWUXFWLRQV VLJQLெFDQWO\ RীHQ DOORZV TXHVWLRQ IRUPDWLRQ
FI 6HFWLRQ ۼ
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6RPH RI WKH FRUUHODWLRQV LQ 7DEOH  DUH UHVSRQVLEOH IRU WKH FOXVWHUV WKDW HPHUJHG িRP WKH VLP
LODULW\ DQDO\VLV LQ )LJXUH  WKH FOXVWHU DURXQG ةWRSLFت ةZKHQت DQG ةLIت FODXVHV QRWHG LQ WKH XSSHU OHী
RI WKH ெJXUH LV FKDUDFWHUL]HG E\ WKH DVVRFLDWLRQ RI GLVMXQFW ,//VFRSH ORFDO 7VFRSH ெQLWH GHSHQ
GHQW FODXVHV V\PPHWU\ DQG ேH[LEOHUHODWLRQDO SRVLWLRQ GLVMXQFW ,//VFRSH   ேH[LEOHUHODWLRQDO
SRVLWLRQ ORFDO 7VFRSH   V\PPHWULFDO V\PPHWULFDO   ெQLWH 7KHUH LV LQ DGGLWLRQ D VWDWLVWL
FDOO\ QRQVLJQLெFDQW WUHQG IRU GLVMXQFW ,//VFRSH WR EH DVVRFLDWHG ZLWK D EDQ RQ TXHVWLRQ IRU
PDWLRQ RU FRQVWLWXHQW IRFXVLQJ GLVMXQFW ,//VFRSH   EDQQHG :+ EXW VHH HJ  RU  IRU
FRXQWHUH[DPSOHV 7KH SURSHUWLHV RI V\PPHWU\ DQG ெQLWHQHVV DUH VKDUHG E\ WKH DGMDFHQW FOXVWHU RI
ةDQGتFRQVWUXFWLRQV EXW LQ DGGLWLRQ WKHVH VWUXFWXUHV DUH FKDUDFWHUL]HG E\ ேH[LEOH FRQVWUDLQWিHH
LOORFXWLRQDU\ VFRSH ேH[LEOHDGMDFHQW SRVLWLRQ DQG DOORZLQJ ,//PDUNLQJ DQG TXHVWLRQ IRUPDWLRQ
FRQVWUDLQWিHH,//VFRSH ேH[LEOHDGMDFHQW V\PPHWULFDO িHHO\RUKDUPRQLFDOO\DOORZHG,//
PDUNLQJ FRQVWUDLQWিHH,//VFRSH DOORZHGTXHVWLRQIRUPDWLRQ +DUPRQLF,//PDUNLQJFKDU
DFWHUL]HV VSHFLெFDOO\ %HOKDUH NLFRQVWUXFWLRQV ةFKDLQLQJت DQG (QJOLVK JR DQGFRQVWUXFWLRQV ZKLFK
VKRZ XS DV FORVHO\ UHODWHG LQ )LJXUH  ORZHU OHী 7KLV W\SH RI ةDQGتOLNH VWUXFWXUH DOVR DOORZV
H[WUDFWLRQ KDUPRQLF ,//PDUNLQJ   DOORZLQJ H[WUDFWLRQ
 &RQFOXVLRQV
,Q WKLV FKDSWHU , KDYH DUJXHG WKDW FURVVOLQJXLVWLF GLYHUVLW\ LQ FODXVH OLQNDJH LV IDU WRR ELJ DV WR EH
DPHQDEOH WR WUDGLWLRQDO W\SRORJLHV ZKLFK VHHN WR GHெQH D FRXSOH RI XQLYHUVDO QRWLRQV WKDW HQWDLO VHWV
RI SURSHUWLHV ZLWKRXW H[FHSWLRQ FI /HKPDQQ  :KDW LV QHHGHG LQVWHDG LV DQ DSSURDFK VLPLODU
WR ZKDW LV VWDQGDUG LQ RWKHU GLVFLSOLQHV VWXG\LQJ GLYHUVLW\ VHWV RI YDULDEOHV FDSWXULQJ WKH YDULDWLRQ
DQG SUREDELOLVWLF DVVHVVPHQW RI FOXVWHUV DQG FRUUHODWLRQV 0HWKRGV IRU GRLQJ WKLV DUH UHDGLO\ DYDLODEOH
DQG KDYH D VROLG DQG ZHOOWHVWHG PDWKHPDWLFDO IRXQGDWLRQ
$SSOLHG WR D SLORW VWXG\ RI  FRQVWUXFWLRQV িRP  ODQJXDJHV WKLV DSSURDFK KDV UHYHDOHG D VHW
RISRVVLEOHLPSOLFDWLRQDOXQLYHUVDOVWKDWQRZQHHGWREHWHVWHGDJDLQVWODUJHUGDWDVHWV ZLWKV\VWHPDWLF
FRQWURO RI JHQHDORJLFDO LQKHULWDQFH DQG DUHDO VSUHDG IDFWRUV EHIRUH WKH\ FDQ EH IXOO\ H[SODLQHG 7KH
DSSURDFK SURSRVHG KHUH DOVR DOORZV H[DPLQLQJ WKH HYLGHQFH IRU SUREDELOLVWLF FOXVWHUV RU W\SRORJLFDO
ةSURWRW\SHVت RI FRQVWUXFWLRQV 7KH SLORW GDWDEDVH FDVWV GRXEW RQ XQLYHUVDO FOXVWHU FRQFHSWV FORVH WR
WUDGLWLRQDOO\ H[SHFWHG VWUXFWXUHV OLNH ةFRRUGLQDWLRQت ةVXERUGLQDWLRQت RU SHUKDSV ةFRVXERUGLQDWLRQت
,QVWHDG WKHUH LV WHQWDWLYH HYLGHQFH IRU D VSHFLெF SURWRW\SH RI ةVXERUGLQDWLRQت ZKLFK WHQGV WR DV
VRFLDWH GLVMXQFW LOORFXWLRQDU\ VFRSH ORFDO WHQVH VFRSH ெQLWH DQG V\PPHWULFDO FODXVHV DQG ேH[LEOH
SRVLWLRQ DQG ZLWK VOLJKWO\ OHVV SUREDELOLW\ DOVR D EDQ RQ TXHVWLRQ IRUPDWLRQ RU IRFXVLQJ LQVLGH WKH
GHSHQGHQW FODXVH 7KLV FOXVWHU LV LQ FORVH QHLJKERUKRRG QRW WR FKDLQLQJ VWUXFWXUHV EXW WR ةDQGتOLNH
FRQVWUXFWLRQV ZLWK ZKLFK LW VKDUHV V\PPHWU\ DQG ெQLWHQHVV EXW GL௅HUV E\ KDYLQJ PRUH FRQVWUDLQWV
RQ LOORFXWLRQDU\ VFRSH LOORFXWLRQDU\ PDUNLQJ DQG TXHVWLRQ IRUPDWLRQ RU FRQVWLWXHQW IRFXVLQJ LQVLGH
WKH GHSHQGHQW FODXVH &KDLQLQJ FRQVWUXFWLRQV GR QRW IRUP D WLJKW FOXVWHU EXW DUH VSUHDG RXW LQ D
FRQWLQXXP RI VWUXFWXUHV ZLWK PRUH YV OHVV WLJKWO\ FRQVWUDLQHG VFRSH SURSHUWLHV
7KH DGYDQWDJH RI D PXOWLYDULDWH DSSURDFK DV VXJJHVWHG KHUH LV WKDW LW EULQJV W\SRORJ\ FORVHU WR
ODQJXDJHVSHFLெF DQDO\VLV ,QVWHDG RI EHLQJ VHSDUDWHG HQWHUSULVHV DV SURSRVHG E\ /D]DUG  RU
+DVSHOPDWK  W\SRORJLFDO VXUYH\ ZRUN LV LGHQWLFDO WR ODQJXDJHVSHFLெF DQDO\VLV DQG FRQVLVWV
LQ GHWDLOHG GHVFULSWLRQV RI SURSHUWLHV 7R WKH H[WHQW WKDW ZH OHDUQ PRUH DERXW ODQJXDJHVSHFLெF
SURSHUWLHV WKH EHWWHU FDQ ZH GHெQH ெQHJUDLQHG W\SRORJLFDO YDULDEOHV $QG VXFK ெQHJUDLQHG YDUL
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DEOHV SURYLGH LQ UHWXUQ WKH LGHDO TXHVWLRQQDLUHV IRU ெHOGZRUN 1R ெHOGZRUN FDQ SURFHHG RXW RI
D WKHRUHWLFDO YDFXXP %XW ZKDW WKLV FKDSWHU KDV VKRZQ LV WKDW QRQH RI WKH UHFHLYHG WKHRUHWLFDO
FRQFHSWV LQ FODXVH OLQNDJH ெOOV WKLV YDFXXP ZLWK WKH ULJKW TXHVWLRQV LW PDNHV OLWWOH VHQVH WR GHEDWH
ZKHWKHU D SDUWLFXODU FRQVWUXFWLRQ LV VXERUGLQDWH RU QRW EHFDXVH VXFK D QRWLRQ LV IDU WRR FRDUVH WR EH
XQLYHUVDOO\ DSSOLFDEOH %XW LW PDNHV VHQVH WR DVN ZKHWKHU WKH FRQVWUXFWLRQ KDV GLVMXQFW LOORFXWLRQDU\
IRUFH VFRSH RU ZKHWKHU LW DOORZV TXHVWLRQ IRUPDWLRQ 6XFK TXHVWLRQV DUH LQGHHG PXFK FORVHU WR WKH
OHYHO RI JUDQXODULW\ WKDW LV QHHGHG LQ ெHOG OLQJXLVWLFV ,Q UHWXUQ RQO\ E\ DQVZHULQJ VXFK TXHVWLRQV
LQ JUHDW GHWDLO FDQ ZH GHYHORS IXOO GDWDVHWV ZLWK D PLQLPXP RI PLVVLQJ GDWD $QG WKLV LV D SUHFRQ
GLWLRQ IRU HVWDEOLVKLQJ DQG XQGHUVWDQGLQJ LPSOLFDWLRQDO XQLYHUVDOV FURVVOLQJXLVWLF SURWRW\SHV DQG
FRQWLQXD
5HYLVHG YHUVLRQ ઝ -DQXDU\  
5HIHUHQFHV
%DQGHOW +DQV-¾UJHQ 	 $QGUHDV 'UHVV ۻ $ FDQRQLFDO GHFRPSRVLWLRQ WKHRU\ IRU PHWULFV RQ D ெQLWH
VHW $GYDQFHV LQ 0DWKHPDWLFV   ؤ ۾
%HDUWK 7KRPDV ۿ /֯DUWLFXODWLRQ GX WHPSV HW GH O֯DVSHFW GDQV OH GLVFRXUV 7RXUD %HUQ /DQJ
%LFNHO %DOWKDVDU ۺ 7\SRORJLVFKH *UXQGODJHQ GHU 6DW]YHUNHWWXQJ =¾ULFK $6$6
%LFNHO %DOWKDVDU ۼ %HOKDUH VXERUGLQDWLRQ DQG WKH WKHRU\ RI WRSLF ,Q (EHUW .DUHQ + HG 6WXGLHV LQ
FODXVH OLQNDJH  ؤ ۾ =¾ULFK $6$6
%LFNHO %DOWKDVDU ۿ $VSHFW PRRG DQG WLPH LQ %HOKDUH =¾ULFK $6$6
%LFNHO %DOWKDVDU ܁ &RQYHUEV LQ FURVVOLQJXLVWLF SHUVSHFWLYH >UHYLHZ DUWLFOH RI +DVSHOPDWK DQG .¸QLJ
HGV &RQYHUEV %HUOLQ 0RXWRQ GH *UX\WHU @ /LQJXLVWLF 7\SRORJ\   ؤ ܀
%LFNHO %DOWKDVDU D )URP HUJDWLYXV DEVROXWXV WR WRSLF PDUNLQJ LQ .LUDQWL D W\SRORJLFDO SHUVSHFWLYH
3URFHHGLQJV RI WKH WK $QQXDO 0HHWLQJ RI WKH %HUNHOH\ /LQJXLVWLFV 6RFLHW\  ؤ ܂
%LFNHO %DOWKDVDU E 1RPLQDOL]DWLRQ DQG IRFXV FRQVWUXFWLRQV LQ VRPH .LUDQWL ODQJXDJHV ,Q <DGDYD
<RJHQGUD 3 	 :DUUHQ : *ORYHU HGV 7RSLFV LQ 1HSDOHVH OLQJXLVWLFV  ؤ ۿ .DWKPDQGX 5R\DO 1HSDO
$FDGHP\
%LFNHO %DOWKDVDU ܀ 7\SRORJ\ LQ WKH VW FHQWXU\ PDMRU FXUUHQW GHYHORSPHQWV /LQJXLVWLF 7\SRORJ\ 
 ؤ ۺ
%LFNHO %DOWKDVDU LQ SUHVV $EVROXWH DQG VWDWLVWLFDO XQLYHUVDOV ,Q +RJDQ 3DWULFN &ROP HG 7KH &DPEULGJH
(QF\FORSHGLD RI WKH /DQJXDJH 6FLHQFHV &DPEULGJH &DPEULGJH 8QLYHUVLW\ 3UHVV >SUHSULQW DYDLODEOH DW
?iiT,ffrrrXmMB@H2BTxB;X/2f#B+F2Hf`2b2`+?fTT2`bfmMBp2`bHbn+2Hbn##XT/7@
%LFNHO %DOWKDVDU 	 -RKDQQD 1LFKROV ۻ $XWRW\SRORJL]LQJ GDWDEDVHV DQG WKHLU XVH LQ ெHOGZRUN ,Q
$XVWLQ 3HWHU +HOHQ 'U\ 	 3HWHU :LWWHQEXUJ HGV 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO /5(& :RUNVKRS RQ
5HVRXUFHV DQG 7RROV LQ )LHOG /LQJXLVWLFV /DV 3DOPDV    0D\  1õPHJHQ 03, IRU
3V\FKROLQJXLVWLFV
%U\DQW 'DYLG 	 9LQFHQW 0RXOWRQ ۽ 1HLJKERU1HW DQ DJJORPHUDWLYH PHWKRG IRU WKH FRQVWUXFWLRQ RI
SK\ORJHQHWLF QHWZRUNV 0ROHFXODU %LRORJ\ DQG (YROXWLRQ   ؤ ۾
&KDIH :DOODFH / ۿ *LYHQQHVV FRQWUDVWLYHQHVV GHெQLWHQHVV VXEMHFWV WRSLFV DQG SRLQW RI YLHZ ,Q /L
&KDUOHV 1 HG 6XEMHFW DQG WRSLF  ؤ ۾ 1HZ <RUN
&KRPVN\ 1RDP ۼ &RQGLWLRQV RQ WUDQVIRUPDWLRQV ,Q $QGHUVRQ 6WHSKHQ 5 	 3DXO .LSDUVN\ HGV $
)HVWVFKULIW IRU 0RUULV +DOOH 1HZ <RUN +ROW 5LQHKDUW DQG :LQVWRQ
&ODUN 7: ۼ ,QWURGXFWLRQ WR 1HSDOL .DWKPDQGX 5DWQD 3XVWDN %KDQGDU 5HSULQW
&ULVWRIDUR 6RQLD ܁ 'HUDQNLQJ DQG EDODQFLQJ LQ GL௅HUHQW VXERUGLQDWLRQ UHODWLRQV D W\SRORJLFDO VWXG\
6SUDFKW\SRORJLH XQG 8QLYHUVDOLHQIRUVFKXQJ  ؤۻ
&ULVWRIDUR 6RQLD ۼ 6XERUGLQDWLRQ 2[IRUG 2[IRUG 8QLYHUVLW\ 3UHVV
&URী :LOOLDP ۺ 5DGLFDO FRQVWUXFWLRQ JUDPPDU V\QWDFWLF WKHRU\ LQ W\SRORJLFDO SHUVSHFWLYH 2[IRUG
2[IRUG 8QLYHUVLW\ 3UHVV
&\VRXZ 0LFKDHO ܀ %XLOGLQJ VHPDQWLF PDSV WKH FDVH RI SHUVRQPDUNLQJ ,Q 0LHVWDPR 0DWWL 	
%HUQKDUG :¦OFKOL HGV 1HZ FKDOOHQJHV LQ W\SRORJ\ EURDGHQLQJ WKH KRUL]RQV DQG UHGHࢣQLQJ WKH IRXQGDWLRQV
ؤ܁ %HUOLQ 0RXWRQ GH *UX\WHU
&\VRXZ 0LFKDHO ܁ *HQHUDOL]LQJ VFDOHV ,Q 0DOFKXNRY $QGUHM 	 0DUF 5LFKDUGV HGV 6FDOHV
/LQJXLVWLVFKH $UEHLWV%HULFKWH   ؤ ۿ /HLS]LJ ,QVWLWXW ুU /LQJXLVWLN
)DUU &\QWKLD - ܂ 7KH LQWHUIDFH EHWZHHQ V\QWD[ DQG GLVFRXUVH LQ .RUDIH D 3DSXDQ ODQJXDJH RI 3DSXD 1HZ
*XLQHD &DQEHUUD 3DFLெF /LQJXLVWLFV
)ROH\ :LOOLDP $ ۿ 7KH 3DSXDQ ODQJXDJHV RI 1HZ *XLQHD &DPEULGJH &DPEULGJH 8QLYHUVLW\ 3UHVV
)ROH\ :LOOLDP $ 	 5REHUW ' 9DQ 9DOLQ -U ۽ )XQFWLRQDO V\QWD[ DQG XQLYHUVDO JUDPPDU &DPEULGJH
&DPEULGJH 8QLYHUVLW\ 3UHVV
5HYLVHG YHUVLRQ ઝ -DQXDU\  
)RUNHU 'LDQD ܂ &RQYHUEV LQ +LQXT DQG VRPH UHPDUNV RQ OLQJXLVWLF FRQFHSWV 0V
0D[3ODQFN,QVWLWXWH IRU (YROXWLRQDU\ $QWKURSRORJ\ /HLS]LJ
*HQHWWL &DURO ۾ 7KH SDUWLFLSLDO FRQVWUXFWLRQ LQ 'RODNKD 1HZDU V\QWDFWLF LPSOLFDWLRQV RI DQ $VLDQ
FRQYHUE 6WXGLHV LQ /DQJXDJH   ؤ ܀
*RRG -H௅ ۼ &ODXVH FRPELQLQJ LQ &KHFKHQ 6WXGLHV LQ /DQJXDJH   ؤ 
*UHHQ *HRUJLD 0 ۿ 0DLQ FODXVH SKHQRPHQD LQ VXERUGLQDWH FODXVHV /DQJXDJH   ؤ ܀
+DLPDQ -RKQ ܁ &RQGLWLRQDOV DUH WRSLFV /DQJXDJH   ؤ ܂
+DLPDQ -RKQ  +XD D 3DSXDQ ODQJXDJH RI WKH (DVWHUQ +LJKODQGV RI 1HZ *XLQHD $PVWHUGDP
%HƎDPLQV
+DLPDQ -RKQ D 1DWXUDO V\QWD[ &DPEULGJH &DPEULGJH 8QLYHUVLW\ 3UHVV
+DLPDQ -RKQ E 6\PPHWU\ ,Q +DLPDQ -RKQ HG ,FRQLFLW\ LQ V\QWD[  ؤ ۾ $PVWHUGDP
%HƎDPLQV
+DOH $XVWLQ 	 .HGÃU 3 6KUHVWKD ۿ 1HZÃU 1HSÃO EKÃVÃ 0XHQFKHQ /,1&20
+DVSHOPDWK 0DUWLQ ۾ 7KH FRQYHUE DV D FURVVOLQJXLVWLFDOO\ YDOLG FDWHJRU\ ,Q +DVSHOPDWK 0DUWLQ 	
(NNHKDUG .¸QLJ HGV &RQYHUEV LQ FURVVOLQJXLVWLF SHUVSHFWLYH  ؤ ۾ %HUOLQ 0RXWRQ GH *UX\WHU
+DVSHOPDWK 0DUWLQ ܀ 3UHHVWDEOLVKHG FDWHJRULHV GRQتW H[LVW FRQVHTXHQFHV IRU ODQJXDJH GHVFULSWLRQ
DQG W\SRORJ\ /LQJXLVWLF 7\SRORJ\   ؤ ۻ
+DXVVHU -HDQ 	 .RUELQLDQ 6WULPPHU D (QWURS\ LQIHUHQFH DQG WKH -DPHV6WHLQ HVWLPDWRU ZLWK
DSSOLFDWLRQ WR QRQOLQHDU JHQH DVVRFLDWLRQ QHWZRUNV -RXUQDO RI 0DFKLQH /HDUQLQJ 5HVHDUFK  [[ؤ[[
+DXVVHU -HDQ 	 .RUELQLDQ 6WULPPHU E 2Mi`QTv HQWURS\ DQG PXWXDO LQIRUPDWLRQ HVWLPDWLRQ _
SDFNDJH ?iiT,ffrrrX_@T`QD2+iXQ`;f
+RUQ /DXUHQFH 5 ܂ $ QDWXUDO KLVWRU\ RI QHJDWLRQ &KLFDJR 7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV
+XVRQ ' + 	 ' %U\DQW ۿ $SSOLFDWLRQ RI SK\ORJHQHWLF QHWZRUNV LQ HYROXWLRQDU\ VWXGLHV 0ROHFXODU
%LRORJ\ DQG (YROXWLRQ   ؤ ܀
-DFREV -RDFKLP ۽ )XQNWLRQDOH 6DW]SHUVSHNWLYH XQG ,OORNXWLRQVVHPDQWLN /LQJXLVWLVFKH %HULFKWH 
ؤ܁
-DFREV -RDFKLP ۺ )RFXV DPELJXLWLHV -RXUQDO RI 6HPDQWLFV  ؤۿ
-RKDQVRQ /DUV ۾ 2Q 7XUNLF FRQYHUE FODXVHV ,Q +DVSHOPDWK 0DUWLQ 	 (NNHKDUG .¸QLJ HGV
&RQYHUEV LQ FURVVOLQJXLVWLF SHUVSHFWLYH  ؤ ܀ %HUOLQ 0RXWRQ GH *UX\WHU
.DXIPDQ /HRQDUG 	 3HWHU - 5RXVVHHXZ  )LQGLQJ JURXSV LQ GDWD DQ LQWURGXFWLRQ WR FOXVWHU DQDO\VLV
1HZ <RUN :LOH\
.¸QLJ (NNHKDUG ۾ 7KH PHDQLQJ RI FRQYHUE FRQVWUXFWLRQV ,Q +DVSHOPDWK 0DUWLQ 	 (NNHKDUG
.¸QLJ HGV &RQYHUEV  ؤ ۾ %HUOLQ 0RXWRQ GH *UX\WHU
.¸QLJ (NNHKDUG 	 -RKDQ YDQ GHU $XZHUD ܁ &ODXVH LQWHJUDWLRQ LQ *HUPDQ DQG 'XWFK FRQGLWLRQDOV
FRQFHVVLYH FRQGLWLRQDOV DQG FRQFHVVLYHV ,Q +DLPDQ -RKQ 	 6DQGUD $ 7KRPSVRQ HGV &ODXVH
FRPELQLQJ LQ JUDPPDU DQG GLVFRXUVH $PVWHUGDP %HƎDPLQV
.¸QLJ (NNHKDUG 	 -RKDQ YDQ GHU $XZHUD  $GYHUELDO SDUWLFLSOHV JHUXQGV DQG DEVROXWH FRQVWUXFWLRQV
LQ WKH ODQJXDJHV RI (XURSH ,Q %HFKHUW -RKDQQHV *LXOLDQR %HUQLQL 	 &ODXGH %XULGDQW HGV 7RZDUG D
W\SRORJ\ RI (XURSHDQ ODQJXDJHV  ؤ ۾ %HUOLQ 0RXWRQ GH *UX\WHU
/DNR௅ *HRUJH ۽ 3HUIRUPDWLYH 6XERUGLQDWH &ODXVHV 3URFHHGLQJV RI WKH WK $QQXDO 0HHWLQJ RI WKH
%HUNHOH\ /LQJXLVWLFV 6RFLHW\ ؤ
/DNR௅ *HRUJH ۿ )UDPHVHPDQWLF FRQWURO RI WKH &RRUGLQDWH 6WUXFWXUH &RQVWUDLQW 3URFHHGLQJV RI WKH
WK $QQXDO 0HHWLQJ RI WKH &KLFDJR /LQJXLVWLFV 6RFLHW\ ؤ܀
/D]DUG *LOEHUW ۿ /D TXHɸWH GHV LQYDULDQWV LQWHUODQJXHV OD OLQJXLVWLTXH HVWHOOH XQH VFLHQFH" 3DULV
&KDPSLRQ
/HKPDQQ &KULVWLDQ ܁ 7RZDUGV D W\SRORJ\ RI FODXVH OLQNDJH ,Q +DLPDQ -RKQ 	 6DQGUD $
7KRPSVRQ HGV &ODXVH FRPELQLQJ LQ JUDPPDU DQG GLVFRXUVH  ؤ ۿ $PVWHUGDP %HƎDPLQV
5HYLVHG YHUVLRQ ઝ -DQXDU\  
/\QFK -RKQ ܁ $ JUDPPDU RI /HQDNHO &DQEHUUD 3DFLெF /LQJXLVWLFV 3/  %
0DF'RQDOG /RUQD ܁ 6XERUGLQDWLRQ LQ 7DX\D ,Q +DLPDQ -RKQ 	 6DQGUD $ 7KRPSVRQ HGV &ODXVH
FRPELQLQJ LQ JUDPPDU DQG GLVFRXUVH  ؤ ۿ $PVWHUGDP %HƎDPLQV
0DF'RQDOG /RUQD  $ JUDPPDU RI 7DX\D %HUOLQ 0RXWRQ GH *UX\WHU
0DHFKOHU 0DUWLQ 3HWHU 5RXVVHHXZ $ƎD 6WUX\I 	 0LD +XEHUW ۾ +Hmbi2` FOXVWHU DQDO\VLV EDVLFV
DQG H[WHQVLRQV _ SDFNDJH ?iiT,ffrrrX_@T`QD2+iXQ`;f
0DUFKHVH /\QHOO ܀ 6XERUGLQDWH FODXVHV DV WRSLFV LQ *RGL« ,Q 0RXOG 0DUWLQ 	 7KRPDV -
+LQQHEXVFK HGV 3DSHUV IURP WKH WK &RQIHUHQFH RQ $IULFDQ OLQJXLVWLFV  ؤ ۽ /RV $QJHOHVH
8QLYHUVLW\ RI &DOLIRUQLD
0DUJROLQ $GDP ,O\D 1HPHQPDQ .DWLD %DVVR &KULV :LJJLQV *XVWDYR 6WRORYLW]N\ 5LFFDUGR )DYHUD 	
$QGUHD &DOLIDQR ۿ $5$&1( DQ DOJRULWKP IRU WKH UHFRQVWUXFWLRQ RI JHQH UHJXODWRU\ QHWZRUNV LQ D
0DPPDOLDQ FHOOXODU FRQWH[W %0& %LRLQIRUPDWLFV  6܀
0H\HU ' $ =HLOHLV 	 . +RUQLN ۿ 7KH bi`m+THQi িDPHZRUN YLVXDOL]LQJ PXOWLZD\ FRQWLQJHQF\
WDEOHV ZLWK p+/ -RXUQDO RI 6WDWLVWLFDO 6RIWZDUH   ؤ ܁
0H\HU 'DYLG $FKLP =HLOHLV 	 .XUW +RUQLN D p+/ YLVXDOL]LQJ FDWHJRULFDO GDWD _ SDFNDJH
?iiT,ffrrrX_@T`QD2+iXQ`;f
0H\HU 3DWULFN ( )UHGHULF /DெWWH 	 *LDQOXFD %RQWHPSL E KBM2i PXWXDO LQIRUPDWLRQ QHWZRUN
LQIHUHQFH _ SDFNDJH ?iiT,ffrrrX_@T`QD2+iXQ`;f
0RORFKLHYD =DULQD ܁ 6FRSH SURSHUWLHV RI &KHFKHQ FRQYHUEV +DQGRXW RI SDSHU JLYHQ DW WKH 6\QWD[ RI
WKH :RUOGتV /DQJXDJHV ,,, FRQIHUHQFH %HUOLQ 6HSWHPEHU  ܁
1RRQDQ 0LFKDHO ܂ &RQYHUEDO FRQVWUXFWLRQV LQ &KDQW\DO ,Q <DGDYD <RJHQGUD 3 	 :DUUHQ * *ORYHU
HGV 7RSLFV LQ 1HSDOHVH OLQJXLVWLFV ؤ܍ .DWKPDQGX 5R\DO 1HSDO $FDGHP\
2OVRQ 0LFKDHO / ۺ %DUDL FODXVH MXQFWXUH WRZDUG D IXQFWLRQDO WKHRU\ RI LQWHUFODXVDO UHODWLRQV 3K'
WKHVLV $XVWUDOLDQ 1DWLRQDO 8QLYHUVLW\
2SJHQRUW -HDQ 5REHUW ۽ $ *UDPPDU RI :DPEXOH /HLGHQ %ULOO
3LOKRIHU * ۼ *UDPPDWLN GHU .¤WH6SUDFKH LQ 1HXJXLQHD %HUOLQ 5HLPHU
5 'HYHORSPHQW &RUH 7HDP ܂ 5 D ODQJXDJH DQG HQYLURQPHQW IRU VWDWLVWLFDO FRPSXWLQJ 9LHQQD 5
)RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ ?iiT,ffrrrX`@T`QD2+iXQ`;
5DSSDSRUW *LOEHUW & ۽ *UDPPDWLFDO IXQFWLRQ DQG V\QWDFWLF VWUXFWXUH WKH DGYHUELDO SDUWLFLSOH RI 5XVVLDQ
&ROXPEXV 2KLR 6ODYLFD
5HHG ,UHQH 2VDNLWR 0L\DNR 6WHYHQ -DFREVHQ 3DVFKDO $IFDQ 	 0LFKDHO .UDXVV ܀ <XS֯LN (VNLPR
JUDPPDU )DLUEDQNV $ODVND 1DWLYH /DQJXDJH &HQWHU 8QLYHUVLW\ RI $ODVND
5HHVLQN *HU 3 ܀ 6WUXFWXUHV DQG WKHLU IXQFWLRQV LQ 8VDQ $PVWHUGDP %HƎDPLQV
5REHUWV -RKQ 5 ܀ $PHOH /RQGRQ &URRP +HOP
5REHUWV -RKQ 5 ܁ $PHOH VZLWFKUHIHUHQFH DQG WKH WKHRU\ RI JUDPPDU /LQJXLVWLF ,QTXLU\   ؤ ۽
5RVV -RKQ 5 ܀ &RQVWUDLQWV RQ YDULDEOHV LQ V\QWD[ 3K' WKHVLV 0,7 &DPEULGJH 0DVV
6FKDFNRZ 'LDQD %DOWKDVDU %LFNHO 6KUHH .XPDU 5DL 1DUD\DQ 3 6KDUPD *DXWDP $UMXQ 5DL 	 0DUWLQ
*DHQV]OH LQ SUHVV 0RUSKRV\QWDFWLF SURSHUWLHV DQG VFRSH EHKDYLRU RI ةVXERUGLQDWHت FODXVHV LQ 3XPD
.LUDQWL ,Q *DVW 9RONHU 	 +ROJHU 'LHVVHO HGV &ODXVHFRPELQLQJ LQ FURVVOLQJXLVWLF SHUVSHFWLYH %HUOLQ
0RXWRQ GH *UX\WHU >SUHSULQW DYDLODEOH DW
?iiT,ffrrrXmMB@H2BTxB;X/2fmiQivTf/QrMHQ/fb+?+FQr2iHkyyNTmKXT/7@
6FKQHXFNHU &DUO / ۻ .¤WH ODQJXDJH KDQGERRN 0DGDQJ /XWKHUDQ 0LVVLRQ
6FRWW *UDKDP ܁ 7KH )RUH ODQJXDJH RI 3DSXD 1HZ *XLQHD &DQEHUUD 3DFLெF /LQJXLVWLFV 3/%
6WDVVHQ /HRQ ۾ &RPSDULVRQ DQG XQLYHUVDO JUDPPDU 2[IRUG %ODFNZHOO
6XWHU (GJDU ۻ 6DW]YHUELQGXQJ LP .¤WH 0DVWHUتV WKHVLV 8QLYHUVLW\ RI =¾ULFK
7DNDKDVKL +LGHPLWVX ܁ ,PSHUDWLYHV LQ FRQFHVVLYH FODXVHV FRPSDWLELOLW\ EHWZHHQ FRQVWUXFWLRQV
&RQVWUXFWLRQV ۻ
5HYLVHG YHUVLRQ ઝ -DQXDU\  
7LNNDQHQ %HUWLO ܀ 7KH 6DQVNULW JHUXQG D V\QFKURQLF GLDFKURQLF DQG W\SRORJLFDO DQDO\VLV +HOVLQNL 7KH
)LQQLVK 2ULHQWDO 6RFLHW\
7LNNDQHQ %HUWLO ۾ %XUXVKDVNL FRQYHUEV LQ WKHLU 6RXWK DQG &HQWUDO $VLDQ DUHDO FRQWH[W ,Q
+DVSHOPDWK 0DUWLQ 	 (NNHKDUG .¸QLJ HGV &RQYHUEV LQ FURVVOLQJXLVWLF SHUVSHFWLYH  ؤ ܁ %HUOLQ
0RXWRQ GH *UX\WHU
9DQ 9DOLQ 5REHUW ' -U ۾ 7RZDUGV D IXQFWLRQDOLVW DFFRXQW RI VRFDOOHG H[WUDFWLRQ FRQVWUDLQWV ,Q
'HYULHQGW %HWW\ /RXLV *RRVVHQV 	 -RKDQ YDQ GHU $XZHUD HGV &RPSOH[ VWUXFWXUHV D IXQFWLRQDOLVW
SHUVSHFWLYH  ؤ  %HUOLQ 0RXWRQ GH *UX\WHU
9DQ 9DOLQ 5REHUW ' -U ۾ ([SORULQJ WKH V\QWD[VHPDQWLFV LQWHUIDFH &DPEULGJH &DPEULGJH 8QLYHUVLW\
3UHVV
9DQ 9DOLQ 5REHUW ' -U 	 5DQG\ - /D3ROOD ܀ 6\QWD[ VWUXFWXUH PHDQLQJ DQG IXQFWLRQ &DPEULGJH
&DPEULGJH 8QLYHUVLW\ 3UHVV
=HLOHLV $FKLP 'DYLG 0H\HU 	 .XUW +RUQLN ܀ 5HVLGXDOEDVHG VKDGLQJV IRU YLVXDOL]LQJ FRQGLWLRQDO
LQGHSHQGHQFH -RXUQDO RI &RPSXWDWLRQDO DQG *UDSKLFDO 6WDWLVWLFV  ؤ۾
5HYLVHG YHUVLRQ ઝ -DQXDU\  $SSHQGL[ 3LORW GDWDEDVH RQ FODXVH DGMRLQLQJ 1$   LQIRUPDWLRQ QRW DYDLODEOH
/DQJXDJH /DEHO 0DUNHU ,//VFRSH 7VFRSH )LQLWHQHVV ,//PDUN 7PDUN 6\PPHWU\ :+ ([WUDFWLRQ )2& 3RVLWLRQ /D\HU 5HIHUHQFHV DQG H[DPSOHV
$PHOH ࢙ࢬࢫ JED ORFDO ORFDO ्QLWH EDQQHG RN V\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 5REHUWV    FG
$PHOH ࢚࢟࢘ࢠࢥ PH ɉ9 FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 5REHUWV      E  
$PHOH ࢦࢩ IR aR FRQMXQFW ORFDO ्QLWH RN RN V\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 5REHUWV   D
$PHOH ࢚ࢦࢥ࢛ ࡸ GLVMXQFW H[WHQVLEOH DQ\ RN RN FRQVWUDLQWIUHH RN 1$ 1$ ॎH[LEOHUHODWLRQDO DG6 5REHUWV   
$PHOH ࢧࢬࢩࢧ QX GLVMXQFW H[WHQVLEOH DQ\ EDQQHG RN DV\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 5REHUWV  
%HOKDUH ࢘ࢥ࢛  ߚD ߚD FRQVWUDLQWIUHH ORFDO ्QLWH RN RN V\PPHWULFDO 1$ EDQQHG EDQQHG ॎH[LEOHDGMDFHQW DG6 %LࢂHO  
%HOKDUH ࢚࢟࢘ࢠࢥ NLQDKXč FRQVWUDLQWIUHH H[WHQVLEOH ्QLWH KDUPRQLF RN DV\PPHWULFDO RN SRVVLEOH RN ॎH[LEOHDGMDFHQW DG6 %LࢂHO  D    D   
%HOKDUH ࢠࢥ࢚ࢦࢥࢪ࢜ࢨ NRQH ORFDO H[WHQVLEOH QRQ्QLWH RN EDQQHG DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHDGMDFHQW DG6 %LࢂHO 
%HOKDUH ࢪࢬ࢙ QDD KXčJRGRߚD  ߚD GLVMXQFW H[WHQVLEOH ्QLWH EDQQHG RN FRQVWUDLQWIUHH RN EDQQHG RN ॎH[LEOHUHODWLRQDO DG6 %LࢂHO   D EF 
%HOKDUH ࢚ࢭ࢙ VD FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH RN EDQQHG DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHDGMDFHQW DG9 %LࢂHO  E E F
%HOKDUH ࢧࢬࢩࢧ VL FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH RN EDQQHG DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHDGMDFHQW DG9 %LࢂHO 
%HOKDUH ࢚ࢦࢤ ORN ORFDO FRQMXQFW ्QLWH EDQQHG KDUPRQLF DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHUHODWLRQDO DG9 %LࢂHO  D  E 
%XU¼VKDVNL ࢚࢟࢘ࢠࢥ Q9v́LQ FRQVWUDLQWIUHH H[WHQVLEOH QRQ्QLWH 1$ EDQQHG DV\PPHWULFDO 1$ 1$ EDQQHG ॎH[LEOHDGMDFHQW DG6 7LNNDQHQ  
&KDQW\DO ࢚࢟࢘ࢠࢥ VL UȎ 1$ H[WHQVLEOH QRQ्QLWH 1$ EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 1RRQDQ  
&KHࢃHQ ࢚࢟࢘ࢠࢥ QD XVK L H[WHQVLEOH FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO RN EDQQHG EDQQHG ॎH[LEOHUHODWLRQDO DG6 0RORࢃLHYD    D   
&KHࢃHQ ࢚ࢭ࢙ QDߚ DOF HWF GLVMXQFW ORFDO QRQ्QLWH EDQQHG RN DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHUHODWLRQDO DG6 0RORࢃLHYD  E
&KHࢃHQ ࢚ࢭ࢙ࢫ࢜ࢤࢧ OLH ߚD GLVMXQFW FRQMXQFW QRQ्QLWH RN EDQQHG DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHUHODWLRQDO DG6 0RORࢃLHYD   
&KHࢃHQ ࢘ࢥ࢛ WمTمD ORFDO ORFDO ्QLWH RN RN V\PPHWULFDO RN EDQQHG 1$ ॎH[LEOHDGMDFHQW DG6 0RORࢃLHYD 
(QJOLVK ࢘ࢥ࢛ DQG EXW FRQVWUDLQWIUHH ORFDO ्QLWH RN RN V\PPHWULFDO RN EDQQHG RN ॎH[LEOHDGMDFHQW DG6 5RVV 
(QJOLVK ࢞ࢦࢳ࢘ࢥ࢛ DQG FRQMXQFW FRQMXQFW ्QLWH KDUPRQLF RN V\PPHWULFDO RN SRVVLEOH RN ॎH[LEOHDGMDFHQW DG6 /DNRौ  HWF
(QJOLVK ࢝ࢠࢥࢪࢬ࢙ LI ZKHQ HWF GLVMXQFW FRQMXQFW ्QLWH EDQQHG KDUPRQLF V\PPHWULFDO EDQQHG EDQQHG RN ॎH[LEOHUHODWLRQDO DG6
(QJOLVK ࢚ࢭ࢙ࢳ࢛࢜ࢫ࢚࢛࢘࢟࢜ LQJ ORFDO FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG EDQQHG RN ्[HGSRVWPDLQ GHWDࢃHG
(QJOLVK ࢘ࢣࢫ࢟ࢦࢬ࢞࢟ DOWKRXJK GLVMXQFW ORFDO QRQ्QLWH RN RN V\PPHWULFDO EDQQHG EDQQHG RN ॎH[LEOHUHODWLRQDO DG6
(QJOLVK ࢫࢦࢠࢥ࢞࢛࢜ࢫ࢚࢛࢘࢟࢜ WR LQJ ORFDO FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG EDQQHG RN ्[HGSUHPDLQ GHWDࢃHG
(QJOLVK ࢚ࢭ࢙ࢳ࢛࢘ࢭ LQJ GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG SRVVLEOH RN ्[HGSRVWPDLQ DG9
)RUH ࢚࢟࢘ࢠࢥ NL FRQVWUDLQWIUHH FRQMXQFW ्QLWH RN KDUPRQLF DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 6FRࢄ  
*HUPDQ ࢪࢬ࢙ ZHLO ZHQQ GLVMXQFW ORFDO ्QLWH EDQQHG RN FRQVWUDLQWIUHH EDQQHG EDQQHG RN ॎH[LEOHUHODWLRQDO DG6
*HUPDQ ࢚࢘ࢬࢪ࢜࢛࢜ࢫ࢚࢛࢘࢟࢜ ZHLO ORFDO ORFDO ्QLWH RN RN V\PPHWULFDO EDQQHG EDQQHG EDQQHG ्[HGSRVWPDLQ GHWDࢃHG
*HUPDQ ࢧࢬࢩࢧ XP ]X RKQH ]X GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO RN EDQQHG RN ॎH[LEOHUHODWLRQDO DG9
*HUPDQ ࢚ࢭ࢙ࢳ࢛࢘9 QG GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG EDQQHG RN ्[HGSRVWPDLQ DG9
*HUPDQ ࢘ࢥ࢛ XQG FRQVWUDLQWIUHH ORFDO ्QLWH RN RN V\PPHWULFDO RN EDQQHG RN ॎH[LEOHDGMDFHQW GHWDࢃHG
*HUPDQ ࢚ࢦࢥ࢛࢛࢜ࢫ࢚࢛࢘࢟࢜ ZHQQ ORFDO ORFDO ्QLWH RN RN V\PPHWULFDO EDQQHG EDQQHG EDQQHG ्[HGSUHPDLQ GHWDࢃHG
*HUPDQ ࢚ࢭ࢙ QG GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG EDQQHG RN ॎH[LEOHUHODWLRQDO DG6
*RGL« ࢚࢟࢘ࢠࢥ \L FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 0DUࢃHVH 
*RGL« ࢫࢦࢧࢠ࢚ QɁ GLVMXQFW ORFDO ्QLWH EDQQHG RN FRQVWUDLQWIUHH 1$ 1$ 1$ ॎH[LEOHUHODWLRQDO DG6 0DUࢃHVH 
*UHHN $QFLHQW ࢧ࢘ࢩࢫ࢚ࢦࢥࢠ PHQ QW GLVMXQFW H[WHQVLEOH QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHUHODWLRQDO DG6 
+XD ࢘ࢣࢫ࢜ࢩࢠࢫ࢜ࢩ URK, UHK, FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG V\PPHWULFDO 1$ EDQQHG 1$ ॎH[LEOHDGMDFHQW DG6 +DLPDQ  
+XD ࢛ࢪࢳ࢚࢟࢘ࢠࢥ JD FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH EDQQHG KDUPRQLF DV\PPHWULFDO RN 1$ 1$ ्[HGSUHPDLQ DG6 +DLPDQ  
+XD ࢫࢦࢧࢠ࢚ PD ORFDO ORFDO QRQ्QLWH EDQQHG RN FRQVWUDLQWIUHH EDQQHG 1$ 1$ ्[HGSUHPDLQ DG6 +DLPDQ  
+XD ࢠࢥ࢚ࢦࢥࢪ࢜ࢨ PDQD ORFDO ORFDO QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG 1$ 1$ ्[HGSUHPDLQ DG6 +DLPDQ 
+XD ࢚ࢦࢥ࢛ VL ORFDO ORFDO QRQ्QLWH EDQQHG RN DV\PPHWULFDO EDQQHG 1$ 1$ ्[HGSUHPDLQ DG6 +DLPDQ 
+XD ࢪࢪࢳ࢚࢟࢘ࢠࢥ   FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO RN 1$ 1$ ्[HGSUHPDLQ DG6 +DLPDQ 
.RUDIH ࢚࢟࢘ࢠࢥ R L   FRQVWUDLQWIUHH ORFDO 1$ 1$ RN DV\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 )DUU  
.¤WH ࢚࢟࢘ࢠࢥ UD PH NX  FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO RN 1$ 1$ ्[HGSUHPDLQ DG6 3LOKRIHU  6XWHU  
.¤WH ࢪ࢜ࢩࢠ࢘ࢣ   FRQMXQFW H[WHQVLEOH QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 3LOKRIHU  6XWHU 
.¤WH ࢫࢦࢧࢠ࢚ PXWVDɉ GLVMXQFW ORFDO ्QLWH 1$ RN DV\PPHWULFDO RN 1$ 1$ 1$ DG6 3LOKRIHU  6XWHU 
/HQDNHO ࢚࢟࢘ࢠࢥ P FRQMXQFW ORFDO QRQ्QLWH EDQQHG RN DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 /\Qࢃ 
1HSDOL ࢚࢟࢘ࢠࢥ HUD FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH EDQQHG RN DV\PPHWULFDO RN 1$ RN ॎH[LEOHDGMDFHQW DG6 ्HOGQRWHV 
1HSDOL ࢫࢦࢧࢠ࢚ EKDQH GLVMXQFW H[WHQVLEOH ्QLWH EDQQHG RN FRQVWUDLQWIUHH RN 1$ RN ॎH[LEOHUHODWLRQDO DG6 ्HOGQRWHV
1HSDOL ࢚ࢭ࢙ HUD FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH EDQQHG RN DV\PPHWULFDO RN 1$ RN ॎH[LEOHDGMDFHQW DG9 ्HOGQRWHV 
1HZDU 'RODNKD ࢚࢟࢘ࢠࢥ HQ FRQVWUDLQWIUHH 1$ QRQ्QLWH 1$ EDQQHG DV\PPHWULFDO 1$ 1$ RN ॎH[LEOHDGMDFHQW DG6 *HQHࢄL 
5XVVLDQ ࢘ࢥ࢛ L FRQVWUDLQWIUHH ORFDO ्QLWH RN RN V\PPHWULFDO RN EDQQHG RN ॎH[LEOHDGMDFHQW DG6
5XVVLDQ ࢚ࢭ࢙ࢳ࢛࢘9 D Y GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG EDQQHG RN ॎH[LEOHUHODWLRQDO DG9
5XVVLDQ ࢚ࢭ࢙࢛࢜ࢫ࢚࢛࢘࢟࢜ D Y GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO EDQQHG EDQQHG RN ्[HGSUHPDLQ GHWDࢃHG 5DSSDSRUW ODQJXDJH /DEHO 0DUNHU ,//VFRSH 7VFRSH )LQLWHQHVV ,//PDUN 7PDUN 6\PPHWU\ :+ ([WUDFWLRQ )2& 3RVLWLRQ /D\HU 5HIHUHQFHV DQG H[DPSOHV
6ZDKLOL ࢚࢟࢘ࢠࢥ ND FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ्[HGSRVWPDLQ DG6 ्HOGQRWHV 
6ZDKLOL ࢘ࢥ࢛ࢠࢥ࢝ QD FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ्[HGSRVWPDLQ DG6 ्HOGQRWHV
6ZDKLOL ࢘ࢥ࢛ QD FRQMXQFW ORFDO ्QLWH RN RN V\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 ्HOGQRWHV
6ZDKLOL ࢫࢦࢧࢠ࢚ NL GLVMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ RN ॎH[LEOHUHODWLRQDO DG6 ्HOGQRWHV
7DX\D ࢚࢟࢘ࢠࢥ SD WHIHWHIH FRQVWUDLQWIUHH FRQMXQFW QRQ्QLWH RN KDUPRQLF DV\PPHWULFDO RN SRVVLEOH 1$ ्[HGSUHPDLQ DG6 0DF'RQDOG   D 
7DX\D ࢠࢥ࢚ࢦࢥࢪ࢜ࢨ QD ORFDO ORFDO QRQ्QLWH RN RN DV\PPHWULFDO 1$ EDQQHG 1$ ्[HGSUHPDLQ DG6 0DF'RQDOG 
7DX\D ࢫࢦࢧࢠ࢚  UD ORFDO 1$ ्QLWH RN 1$ FRQVWUDLQWIUHH EDQQHG EDQQHG 1$ ्[HGSUHPDLQ DG6 0DF'RQDOG   E 
7RXUD ࢚࢟࢘ࢠࢥ OH FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 %HDUWK 
7XUNLVK ࢪ࢜ࢩࢠ࢘ࢣ   FRQMXQFW FRQMXQFW QRQ्QLWH EDQQHG EDQQHG DV\PPHWULFDO 1$ 1$ 1$ ्[HGSUHPDLQ DG6 ्HOGQRWHV
7XUNLVK ࢚࢟࢘ࢠࢥ ,S FRQMXQFW FRQMXQFW QRQ्QLWH RN EDQQHG DV\PPHWULFDO 1$ 1$ RN ्[HGSUHPDLQ DG6 -RKDQVRQ  D 
8VDQ ࢚࢟࢘ࢠࢥࢪࢮࢩ 1$ H[WHQVLEOH FRQMXQFW QRQ्QLWH 1$ RN DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 5HHVLQN  
8VDQ ࢫࢦࢧࢠ࢚ HQJ ORFDO ORFDO DQ\ EDQQHG RN FRQVWUDLQWIUHH 1$ SRVVLEOH 1$ ्[HGSUHPDLQ DG6 5HHVLQN  DE 
8VDQ ࢚࢘ࢬࢪ࢜ HQG GLVMXQFW 1$ DQ\ 1$ 1$ DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 5HHVLQN  
:DPEXOH ࢚࢟࢘ࢠࢥ NKR FRQVWUDLQWIUHH ORFDO ्QLWH 1$ RN DV\PPHWULFDO 1$ 1$ 1$ ॎH[LEOHDGMDFHQW DG6 2SJHQRUW  
<XSٝLN &HQWUDO ࢪࢬ࢙ 1$ GLVMXQFW H[WHQVLEOH QRQ्QLWH EDQQHG RN FRQVWUDLQWIUHH 1$ 1$ 1$ ॎH[LEOHUHODWLRQDO DG6 5HHG HW DO 